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FORE&WORD 

This report documents the first phase of An Analytical and Conceptual Design 
Study for an Earth Coverage Infrared Horizon Definition Study performed 
under National Aeronautics and Space Administration Contract NAS l-6010 
for Langley Research Center. 

This study provides for delineation of the experimental data required to define 
the infrared horizon on a global basis and for all time periods. Once defined, a 
number of flight techniques are evaluated to collect the experimental data re- 
quired. The study includes assessment of the factors which affect the infra- 
red horizon through statistical examination of a large body of meteorological 
information and the development of a state-of-the-art infrared horizon simu- 
lation. 

The contractual effort was divided into numerous subtasks which are listed 
as follows: 

Infrared Horizon Definition - A State-of-the-Art Report 

Derivation of a Meteorological Body of Data Covering the Northern 
Hemisphere in the Longitude Region Between 6O”W and 16O”W from 
March 1964 through February 1965 

The Synthesis of 15~ Infrared Horizon Radiance Profiles from mete- 
orological Data Inputs 

The Analysis of 15~ Infrared Horizon Radiance Profile Variations 
Over a Range of Meteorological, Geographical, and Seasonal 
Conditions 

Derivation and Statistical Comparison of Various Analytical Tech- 
niques Which Define the Location of Reference Horizons in the 
Earthfs Horizon Radiance Profile 

The 15~ Infrared Horizon Radiance Profile Temporal, Spatial, and 
Statistical Sampling Requirements for a Global Measurement 
Program 

Evaluation of Several Mission Approaches for Use in Defining Ex- 
perimentally the Earth’s 15~ Infrared Horizon 

Evaluation of the Apollo Applications Program Missions for Use in 
an Earth Coverage Horizon Measurement Program in the 15~ Spec- 
tral Region 

Computer Program for Synthesis of 15~ Infrared Horizon Radiance 
Profiles 

Compilation of Computer Programs for a Horizon Definition Study 
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Compilation of Atmospheric Profiles and Synthesized 15~ Infrared 
Horizon Radiance Profiles Covering the Northern Hemisphere in the 
Longitude Region Between 60°W and 16O”W from March 1964 through 
February 1965 - Part I 

Compilation of Atmospheric Profiles and Synthesized 15~ Infrared 
Horizon Radiance Profiles. Covering the Northern Hemisphere in the 
Longitude Region Between 6O”W and 1 60°W from March 1964 through 
February 1965 - Part II 

Horizon Definition Study Summary - Part I 

Honeywell Inc. Systems and Research Division, performed this study program 
under the technical direction of Mr. L. G. Larson. The program was con- 
ducted during the period 28 March 1966 through 10 October 1966. 

The study results from the first five subtasks listed previously are of consid- 
erable interest and warrant wide distribution to the scientific community. It 
is anticipated that the results of the last eight subtasks are of limited interest 
to the general scientific community; therefore, distribution is provided to 
U. S. Government Agencies only. 

Results and conclusions of many theoretical and experimental groups are 
presented in this report. This information was obtained from the literature 
in the field, government reports, and personal communications. Acknow- 
ledgement is given to the many companies and individuals which supplied 
information and data. 

Gratitude is extended to NASA/Langley Research Center for their technical 
guidance, under the program technical direction of Mr. L. Keafer and direct 
assistance from Messrs. J. Dodgen, R. Davis and H. Curfman, as well as 
the many people within their organization. 
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BY 
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SUMMARY 

The requirement for definition of the Earth’s horizon develops from the need 
for improved attitude reference in space vehicles. It appears that horizon 
sensors, operating on the Earth’s infrared horizon, can provide an accurate, 
lightweight, and reliable reference system if the horizon anomalies can be 
ascertained and shown to be systematic in nature to allow removal of errors 
for the sensor by calibration. Delineation of an effective Earth horizon defini- 
tion study demands an extensive examination of present knowledge and theories 
regarding the Earth’s radiance characteristics, techniques for analysis of 
radiance profile variations, and performance of radiance detector equipment. 
These areas were examined in depth and this report presents a comprehensive 
collection of this knowledge. The past activities examined include both the- 
oretical and experimental programs. Within the theoretical area, studies of 
meteorology, atmospheric physics, and horizon profile modeling and synthe- 
sis were analyzed to ascertain their relative effects on horizon definition. 
Results of past experimental programs were reviewed to determine the most 
stable region of operation within the infrared spectrum. Factors which affect 
the horizon profile were examined to separate the systematic from the non- 
systematic. Each of the horizon uncertainties are then available for use in 
synthesizing profiles to ensure proper profile construction. 

Due to the lack of sufficient experimental radiance data, an examination of 
the basic meteorological factors contributing to the horizon radiance profile 
was conducted to allow synthesis of radiance profiles. General characteristics 
of the atmosphere and techniques for modeling or sampling it were examined. 
Special atmospheric conditions which could cause variations in the 15 micron 
horizon profile including concentration variations of water vapor, ozone, car- 
bon dioxide, cloud conditions, and thermal variations are described in detail. 

Theoretical horizon radiance profiles have been synthesized from the basic 
meteorological factors by many investigators using widely varying assumptions 
and input data. This work has been examined as it relates to techniques for 
computing horizon radiance profiles from atmospheric temperature profiles. 
Effects on the radiance profiles of varying transmissivity data, atmospheric 



refraction, Doppler broadening, and absence of local thermodynamic equili- 
brium were also examined to ensure that complete knowledge of their effects 
are available for profile synthesis. Variations in the radiance profiles as a 
function of temperature, clouds, atmospheric circulations, spatial and tem- 
poral parameters, and wavelengths were also assessed to ascertain their 
relative effects on profile synthesis. 

The results and conclusions from past experimental Earth radiance measure- 
ment programs applicable to horizon definition in the 14 to 16 micron spectral 
region were analyzed for applicability to present horizon definition activity. 
Reviewed were the IRATE, X-15, D-61, Kodak, Tiros, and Nimbus programs 
along with several balloon radiance measurement programs. Documentation 
of the flight performance of horizon sensor equipment and techniques for im- 
proving sensor accuracy is described to supplement earlier horizon sensor 
state-of-the-art performance data. 

The experimental horizon radiance measurement programs to date have each 
provided valuable information about the Earth’s horizon. However, for pur- 
poses of horizon definition in the 15 micron region, each program has been 
lacking in one or more aspects such as spatial coverage, temporal coverage, 
spectral resolution, spatial positioning, or field of view. All of these aspects 
must be considered to develop a horizon measurement program to adequately 
define the Earth’s horizon; these aspects were examined and presented to as- 
sist the reader in assessing the overall horizon definition problem. 



INTRODUCTION 

Although horizon sensors for vehicle guidance and control have been in exis- 
tence since 1958 and are used on the majority of orbital space vehicles, the 
state-of-the-art in their design has been limited because many infrared char- 
acteristics of the Earth’s radiance profile are not well known. These charac- 
teristics must be accurately determined in order to realize the ultimate design 
and maximum accuracy of horizon sensors. Given a comprehensive knowledge 
of the horizon profile, an optimum sensor mechanization can be designed by 
incorporating signal processing logic with optical and electronic filtering, 
electronic compensation, and computer modeling techniques. 

Theoretical analyses and evidence from several previously conducted experi- 
mental programs have indicated the carbon dioxide absorption band around 15 
microns (u) provides the most promise for infrared horizon sensing. The 
purpose of this report is to compile and summarize the key elements of past 
work and present the state-of-the-art of Earth horizon definition in the 15 u 
spectral region. 

Due to the limitations in empirical data on the CO2 horizon, the state-of-the- 

art in horizon definition is predominantly theoretical work. Recent experi- 
ments by the Langley Research Center and Air Force Cambridge Research 
Laboratories have significantly improved the knowledge of the characteristics 
of the horizon through high resolution radiometric measurements but data 
reflecting horizon definition over a large space and time domain covering the 
surface of the Earth remains to be completed before the effects of geographical 
location, seasonal and diurnal variations, meteorological and severe dust con- 
ditions, gross geomorphological features, and solar phenomena are to be eval- 
uated. Furthermore, the measurements must be made in sufficient quantity 
to establish a high level of statistical confidence. 

The theoretical work on horizon definition involves analysis of the explicit 
factors which affect the radiance such as atmospheric temperature and pres- 
sure, and implicit factors such as latitude, longitude, time, and meteorological 
variables. Implicit factors are those which affect the infrared radiation from 
the Earth’s horizon through their respective effects on the direct explicit 
factors. Modeling techniques have served to provide a better understanding 
of horizon variations and the physical relationship between atmospheric vari- 
ables and the infrared emission from the Earth’s horizon. 

A state-of-the-art report, “Infrared Horizon Sensors, ” Duncan, et al. , 
University of Michigan, 1965, summarizes the present state-of-development 
of horizon sensing hardware and associated errors; updating of that work is 
included in this report. However, this report deals primarily with the prob- 
lem of horizon definition and measurement rather than the hardware instru- 
ment ation. Treated as an entity, these two reports provide for a complete 
background and the state-of-the-art in horizon sensors and horizon definition. 
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This report summarizes the state-of-the-art of theoretical and experimental 
work for infrared horizon definition, including a discussion of meteorology 
and its implications in radiance profile computations. Techniques for radiance 
profile modeling, validity of assumptions, and approaches used by previous 
investigators are described for comparative purposes and justification of 
present techniques. Descriptions of the systems and results of prior Earth 
radiance measurement programs and their applicability to horizon definition 
in the 15 micron spectral region also is given to indicate the relationship be- 
tween past theoretical and experimental work. Since this report presents a 
synopsis of past effort, a complete bibliography of all pertinent work was 
prepared to allow analysis in greater depth. 

The results of the compilation of all past theoretical and experiment effort in 
horizon definition has a significant bearing on developing an understanding of 
the problem and provides the framework for formulating a complete program 
approach for definition of the Earth’s infrared horizon. 
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METEOROLOGICAL INPUTS FOR HORIZON PROFILE SYNTHESIS 

INTRODUCTION 

The infrared horizon profile of the Earth depends on the vertical distribution 
of temperature and the absorbing constituents of the atmosphere. To analyze 
variations in the profile, it is presently necessary to generate horizon rad- 
iance profiles from meteorological data, since sufficient measurements 
directly on the horizon are not available. Variations in the input data then 
appear in the resulting profiles. Meteorological inputs for radiance profile 
calculations in the 15 p CO2 region are atmospheric (temperature, pressure, 

height) profiles; special anomalies, such as clouds; and composition of the 
atmosphere. 

One reason for choosing a carbon dioxide band for horizon definition is that 
the carbon dioxide mixing ratio in the atmosphere is relatively constant com- 
pared with other possible gaseous absorbers, such as water vapor or ozone. 
Thus, the time and space variability of the radiance profile due to variations 
in atmospheric carbon dioxide can be expected to be minimal. Another reason 
for choosing the 15 p carbon dioxide band is that this is a rather strong ab- 
sorption band. Thus, the outgoing radiation in this band will originate mainly 
from relatively high levels in the atmosphere, rather than at the surface or 
in the troposphere. This reduces the effects of large variations in surface 
temperature and, more importantly, the effects of tropospheric cloudiness 
on the outgoing radiation. 

This section summarizes the state of the art of meteorological data and meas- 
urement techniques for use in generation of Earth horizon radiance profiles 
in the 15 p CO2 spectral region. General characteristics of the Earth’s at- 

mosphere are described. Improvements in modeling of the atmosphere and the 
value of the model atmospheres for radiance profile computation are discussed. 
Generation of a set of sample atmospheric profiles for analyzing radiance pro- 
file variations is outlined. Special atmospheric effects, such as clouds, 
stratospheric warmings, etc. can cause significant variations in the radiance 
profile. Although the carbon dioxide concentration in the atmosphere is gen- 
erally assumed to be constant for radiative transfer calculations, there are 
small space and time variations. Since the horizon radiance profile in the 15 p 
band depends upon the CO2 concentration, measurements on the atmospheric 

CO2 concentration are reviewed. 

ATMOSPHERES 

THE REAL ATMOSPHERE 

Parameters 

Behaving very nearly as a perfect gas, the atmosphere of the planet Earth 
can be defined in terms of five parameters. These parameters are pressure, 
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temperature, density, molecular weight, and composition. These parameters 
may be related to each other by the equation of state for a perfect gas. 

P = gii x $ (1) 

where p is the density, P the pressure, T the temperature, R* the uni- 
versal gas constant, and M, the mean molecular weight, which is a function 
of composition. 

In addition to R:‘:, M may be regarded as a constant, at least to an altitude of 
about 90 kilometers (ref. 1). Above that altitude, where dissociation and dif- 
fusive separation occurs in the atmosphere, M can no longer be regarded as 
a constant. 

Atmospheric pressure change may be related to altitude change in the atmos- 
phere by the relation 

dP = -gdz (2) 

where g is the acceleration of gravity and z is altitude. This equation is 
known as the hydrostatic equation. It will be noted that one may uniquely de- 
termine the pressure knowing altitude and density, or the altitude knowing 
density and pressure. The hydrostatic equation is actually valid only for a 
static atmosphere, air motion aloft will cause departures from the relation. 
The error is seldom serious, except in regions of extreme air motion. 

Combining Equations (1) and (2) the barometric equation 

P = Po(exp -I+$$& dz) (3) 

is obtained showing that the pressure is uniquely determined also by knowing 
temperature and altitude. Again this equation is only true for hydrostatic 
equilibrium. 

In meteorology, the commonly used units of the above are density, p, in 
gms/cubic cm; pressure, P, in millibars; temperature, T, in degrees 
Kelvin (but degrees Celsius for chart plotting), and g, the acceleration due 
to gravity in centimeters per second per second. 

Other parameters , which are not defining parameters, include specific weight, 
pressure scale height, density scale height, number density, mean air par- 
ticle speed, mean free path, collision frequency, mole volume, the coefficient 
of thermal viscosity, kinematic viscosity, and the speed of sound. More on 
these parameters, as well as the defining parameters, appears in the sub- 
section on standard atmosphere. 



Atmosphere of the Planet Earth 

Gas content. -- The atmosphere of Earth is a mixture of gases in varying 
amounts. These gases are components of the “gas” known as air. At present, 
only one gas, carbon dioxide, (C02) is changing its average concentration in 

significant amounts. Two other gases, water vapor and ozone, though rela- 
tively constant in average concentration on the order of at least decades, are 
extremely variable with respect to time and space. 

In the higher atmosphere , the relative ratio of gases to each other may be 
changing appreciably at present because of the constant injection of consti- 
tuents from rocket fuel as a result of the space efforts of the United States 
and the Soviet Union. Reliable measurement of high-altitude gases was not 
possible before the advent of the rocket, but it is to be noted that contamina- 
tion of the high atmosphere is not preventable if it is desired to deliver sen- 
sors to those regions. At the present time, this contamination is insignificant 
for horizon definition to altitudes of 90 km. 

Because water vapor is so variable, it is usually left out of tables of the 
relative amounts of gases comprising the atmosphere. Table 1 shows the 
relative amount of the various gases comprising the Earth’s air at sea level. 

Solid and liquid content. -- In addition to the gas content, the atmosphere 
contains liquids and solids. 

Solids are present in the form of minute particles of “dust”, vegetative 
material, and salt which are injected into the air, but which fall out slowly 
because of their small size. 

Liquid is present as a result of the condensation of water vapor. Many of 
the solids in the atmosphere are surrounded by a film of condensed water. 
Small water droplets, together with the dust, vegetative material, and salt, 
form an envelope of haze about the Earth. Over the greater part of the Earth, 
this haze scatters light and restricts visibility to much less than would be 
encountered in pure, dry air. The liquid water droplets are also very effec- 
tive in absorbing radiation in the infrared portion of the spectrum. 

Droplets of liquid water often grow in size to the point where their size 
severely restricts the transmittance of radiation in both the visible and infra- 
red. The result can be seen visually as fog. Even more common is the 
sudden condensation of water vapor into liquid water aloft, with a cloud 
resulting. Cloud droplets are much larger than haze droplets, and thus can 
settle faster. Cloud droplets often grow so large that they fall to the Earth 
as rain. More frequently, liquid droplets comprising a cloud,freeze into ice 
crystals or snow, and fall. 
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TABLE 1. -NORMAL COMPOSITION OF CLEAN, DRY ATMOSPHERIC 
AIR NEAR SEA LEVEL 

[From ref. 1) 
L 

Constituent gas Content, percent Content variable Molecular 

and formula by volume relative to its 
normal weight (a) 

Nitrogen (N2) 78.084 --- 28.0134 

Oxygen to21 20.9476 --- 31.9988 

Argon (Ar) 0.934 --- 39.948 

Carbon dioxi.de (C02) 0.0314 b) 44.00995 

Neon (Ne) 0.001818 --- 20.183 

Helium (He) 0.000524 --- 4.0026 

Krypton (Kr) 0.000114 m-m 83.80 

Xenon (Xe) 0.0000087 --- 131.30 

Hydrogen (H2) 0.00005 ? 2.01594 

Methane (CH4) 0.0002 (b) 16.04303 

Nitrous oxide (N20) 0.00005 --- 44.0128 

Ozone (03) Summer: 0 to 0.000007 b) 47. 9982 

Winter: 0 to 0.000002 b) 47.9982 

Sulfur dioxide (S02) 0 to 0.0001 b) 64.0628 

Nitrogen dioxide 0 to 0.000002 b) 46.0055 
(N02) 

Ammonia (NH2) 0 to trace b) 17.03061 

Carbon monoxide(CO) 0 to trace b) 28.01055 

Iodine (12) 0 to 0.000001 (b) 
I 

253.8088 
T - 

a On basis of carbon-12 isotope scale for which C 12 = 12. 

b 
The content of the gases marked with a dagger may undergo significant 
variations from time to time or from place to place relative to the normal 
indicated for those gases. 

Thus, the atmosphere at any given time holds vast quantities of non-gaseous 
material. Since these non-gaseous materials, especially clouds, are gen- 
erally opaque to infrared radiation and strongl-y reflect solar radiation, 
they are very important to radiative considerations. Further, because clouds 
may extend to 22 kilometers or more, they penetrate to levels where non- 
window atmospheric radiation, even in the very opaque regions, originates, 
and cause satellite channels in these regions to become contaminated by cloud- 
top radiation in addition to the radiation from the gases (ref. 2). 
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The shape of the atmosphere. -- As a gas confined to the Earth by gravity, 
the height of a given density level of the atmosphere is partly governed by the 
acceleration of gravity at that point. Farther out, and beyond the region of 
consideration here, the atmosphere undergoes shaping by the solar wind. 

The lower boundary of the atmosphere is shaped by the irregular topography 
of the Earth. Mountains, hills, and valleys give the lower boundary an 
irregular shape. Where water rather than land exists, the atmosphere-water 
boundary is shaped by the waves, the tides, and the uneven height of the sea 
caused by the mean motion of the air itself over long distances. 

Despite the irregular, shape of the atmosphere, and lack of precise knowledge 
of the high atmosphere, the total mass of the atmosphere is known to within 
an uncertainty of less than one percent (ref, 3). 

Atmospheric altitude regions. -- The atmosphere of the Earth has been 
divided into various “spheres of altitude” by various workers, the division 
usually being dictated by the interest of the particular scientific discipline. 

In reality, the layers of atmosphere cannot be thought of as having sharp 
boundaries. Indeed, even the air-ocean interface is not a sharp boundary; 
many energy exchanges between the air and ocean exist. 

In meteorology, the atmosphere is usually divided into the troposphere, 
stratosphere, mesosphere, and thermosphere. The tropopause, stratopause, 
and mesopause form the upper boundaries of the first three of these. The 
altitudes of these boundaries are not constant in time and space. For example, 
the tropopause above the tropics is usually quite high, approximately 18 
kilometers, is marked by a sharp inflection point in the temperature curve, 
and undergoes little seasonal variation. The tropopause in the middle 
latitudes and the polar regions is considerably lower, and undergoes strong 
seasonal altitude variations, which vary from about 8 to 14 kilometers. The 
winter tropopause above the polar regions almost disappears completely, being 
marked by a very weak inflection point in the temperature curve. Above the 
inflection point, the temperature curve, unlike that of the tropics and mid- 
latitude, continues to decrease to an altitude of about 30 kilometers. This 
is much higher than the tropical tropopause, SO that the coldest temperatures 
in the mid-stratosphere occur over the winter pole. 

The stratopause, which occurs at an altitude of about 50 kilometers, is a 
region of high temperature, with temperatures similar to those experienced 
at the Earth’s surface. This is a region in which ultraviolet is strongly 
absorbed by ozone, which is so absorbent in the ultraviolet: even in small 
amounts, that it virtually acts as an opaque surface. As a result of the 
dependence of ozone’s ultraviolet absorption at this altitude, the warmest 
stratopause is found in the high latitude summers where the sun impinges on 
the ozone layer continuously for long periods. Over the winter pole, the 
stratopause is much colder, and although it is weak, it is still at a tempera- 
ture maximum, probably due largely to advection of air atthat level from sun- 
lit areas. 
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The atmosphere may be divided into three regions depending on the techniques 
used to measure it. The lower atmosphere, to about 30 kilometers is most 
economically measured by balloons; the middle atmosphere from 30 to 200 
kilometers by rocket; and the high atmosphere, above 200 kilometers, by 
satellite. 

MEASUREMENTS OF THE ATMOSPHERE 

The Lower Atmosphere 

Scientific measurement of the lower atmosphere began in Italy several cen- 
turiesago with the invention of the thermometer by Galileo and the invention 
of the barometer by Toricelli. It was known at an early date that pressure 
and temperature decreased in general as one ascended a mountain. 

Early quasi-vertical measurements of the lower portion of the atmosphere 
were made by climbing mountains, and in the 19th century, manned balloons 
were used to make measurements. Around the turn of the 20th century, kites 
were introduced to make observations on a more regular basis, in addition to 
unmanned balloons, and later airplanes. 

Several decades ago, regular measurements of the troposphere began to 
appear. with the introduction of the balloon-borne vertically-ascending 
radiosonde. More recently, the transosonde, or super-pressure constant - 
density balloon, (which moves horizontally along constant density surfaces) 
has made its appearance, especially since the development of a system which 
is not dangerous to aircraft. Further, the vertically ascending radiosonde 
system has been improved constantly over the past few years, so that heights 
of about 30 kilometers for an ascent are no longer considered highly unusual. 

The Middle Atmosphere 

That portion of the atmosphere between 30 and 300 kilometers is per- 
haps the most poorly documented portion at the present time although many 
studies have been made in the past few years. The poor documentation is 
principally due to the face that this portion is too high for most balloons and 
too low for orbiting satellites. Recent advances in rocketry and in rocket- 
sensing devices and techniques have contributed much, however, to the present 
state of knowledge. 

In situ investigation of this middle region of the atmosphere began with 
German-developed rockets. Initial investigation with these rockets began at 
White Sands Proving Ground on October 10, 1946 (ref. 4). Six data-gathering 
flights subsequent to that famous flight were made in the ensuing four years. 
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The 1946 flight produced the first pressure, density, and temperature data in 
these regions, the rocket being equipped with pressure and density gages. 
The height of the rocket was tracked optically and by radar. These data, 
along with several other flights ocurring up to 1952, were analyzed and des- 
cribed by Havens, Koll, and LaGow (ref. 4). 

During the 1950’s, flights were made with improved rockets, such as the 
Aerobee at White Sands, and that decade saw the introduction of extensive 
flights at Guam and Ft. Churchill, Manitoba, to collect data at tropical and 
sub-polar locations, respectively (ref. 5). New techniques for sounding were 
also developed and used in this decade, such as rocket grenades, falling 
spheres, and chaff released and observed on radar. 

Rocketry improved in 1958, at which time the solid-fuel Nike-Cajun replaced 
the liquid-propoelled Aerobee Rocket (ref. 6). Steady improvements in data 
collection were made in the early 1960’ s, and this decade has already seen 
the introduction of the Meteorological Rocket Network (MRN) (ref. 7), con- 
sisting of a working agreement and scheduling between various efforts at 
White Sands, New Mexico; Eglin AFB, Florida; Cape Kennedy, Florida; 
Wallops Island, Virginia; Tonopah, Nevada; Kindley, Bermuda; Point Mugu, 
California; Ft. Greely, Alaska; and Ft. Churchill, Manitoba. 

Sensing techniques have also improved, notably with the development and 
introduction of the miniature bead thermistor (ref. 8) aboard a parachute 
ejected by rocket to measure temperature directly in these middle regions 
of the atmosphere. 

This thermistor has resulted in improved detail of temperature measure- 
ments over much of this region. This latter system also employs radar 
tracking of the parachute to get wind velocities, 

The High Atmosphere 

The high atmosphere is that part (from about 200 kilometers upward) which 
lacks sufficient density to preclude the orbital decay of an artificial satellite 
for at least a small number of orbits. The in situ study of this portion of 
the atmosphere was initiated with the celebrated flight of Sputnik I by the 
Soviet Union in 1957. In the near-decade since that time, accelerating know- 
ledge of this region of the atmosphere has continued on up to the present day. 

Although this portion of the atmosphere is highly deserving of study, not much 
need be said concerning it here since it is not of grave importance to what is 
to follow, the density is too low to contribute significantly to the radiance 
profile. 
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MODELING THE ATMOSPHERE 

Average Atmosphere 

If extensive observations of the basic parameters of the entire atmosphere of 
the Earth were made at equal intervals of space and time, these observations 
averaged together could perhaps determine an average atmosphere for the 
Earth. Some account would, of course, have to be made for the fact that while 
most observations would be made at sea level, many would have to be made 
from high plateaus and mountains. 

If this were done, it would be found that such an atmosphere would probably 
never exist in nature, and that the average atmosphere might not even be 
mathematically consistent, if independent observations of the defining para- 
meters were made. 

In most areas, comparison of the individual observations made in a particular 
spot would not be similar from the winter season to the summer. Additionally, 
an observation of the atmospheric vertical profile made in the tropics would 
probably never match one taken in the polar regions. 

Observational data at present preclude the accomplishment of such a feat, but 
from the standpoint of constructing a “true average atmosphere” the execution 
of such a construction would result in no great useful purpose beyond academic 
interest. Further, we already have at our disposal an approach to document- 
ing the atmosphere that is satisfactory for most applications, namely, the 
concept of a model atmosphere. 

The Model Atmosphere Concept 

A model atmosphere is a representation of the relation between pressure, 
temperature, and density which is mathematically consistent with the equation 
of $tate and the hydrostatic equation kquations (1) and (2)], and which 
approximates values of these three parameters typically found in a particular 
geographical region or climatic zone of the Earth, perhaps in a particular 
season. 

Attempts at the construction of a model atmosphere began about a century ago. 
With the advent of World War I, more accurate information was needed by 
aircraft designers and artillery personnel on the pressure and temperature to 
be expected (ref. 9). Observations of these parameters were the most plenti- 
ful in. Europe, and workers on both sides of the battle lines generated model 
atmospheres.- These atmospheres were constructed analytically to provide 
consistency between pressure and density. 
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In 1919, Toussaint proposed a model atmosphere which had certain desirable 
qualities which still govern model atmosphere construction today. Toussaintls 
model did not purport to be an average atmosphere, since it excluded the 
variable gas, water vapor, from the model. He did use, however, accepted 
international units of measurement. Outstandingly, he used a segmented 
straight-line function for temperature change with height, rather than a 
smooth curve to represent his model. A straight -line segmented function 
has the advantage’ of simplicity and ease -of -handling of points intermediate 
between chosen values. 

Toussaint, working in 1919,had the benefit of a fair amount of data which the 
workers of a decade earlier did not have. Thus, he was able to generate a 
model which was valid. Toussaint took temperatures as the basic parameter 
for constructing his atmosphere. He chose a temperature of 15 degrees 
Celsius for his model value of temperature at sea-level, and a constant 
temperature gradient of -O.O065”C/meter from sea-level to 11 000 meters. 
The tropopause was defined to be at 11 000 meters with a temperature of 
-56. 5°C. This temperature value is interdependent with his values of surface 
temperature and temperature gradient. From 11 to 20 kilometers, the 
temperature was kept’ constant at -56. 5”C, since this is the region partly 
comprising the stratosphere. 

Toussaint’s work was so outstanding that his basic approach and formulations 
have since been used as a basis for all acceptable model atmospheres. A 
glance at pages 39 and 45 of the latest U.S. Standard Atmosphere (ref. 1) 
reveals a standard temperature of 15. 0 degrees Celsius at sea level and a 
temperature of -56. 5 degrees Celsius at 11 000 meters (which is still the 
model height of the tropopause), which are Toussaint’ s exact values. His 
practice of using temperature as the basic defining parameters has also been 
followed by subsequent workers. 

Toussaint’s model was based on data gathered in the lower atmosphere of 
the middle latitudes, largely in the warring nations of World War I. Thus, 
the values appearing in his model are applicable to mid-latitude nations. 
Since that time, planning and design demands have required atmospheric 
models for various seasons of the year, major climatic regions, and for 
higher altitude. Consequently, models which have made their appearance in 
recent years bear such names as “arctic winter” and “tropical”. Although 
these models, naturally, do not use Toussaint’s mid-latitude temperature 
values and extend to much higher altitudes, they do preserve many of 
Toussaint’s proposals, such as straight -line segmentation of temperature. 

Standard Atmospheres 

Scientists in several nations recognized the advantage of having one model 
atmosphere as a common reference. As a result Toussaint’s basic model 
was adopted in Europe, and became the general accepted standard. However, 
in the United States in 1922, Gregg formulated a U. S. Standard 
Atmosphere. Gregg’s standard was analytic to only about 10 kilometers; 
between 10 and 20 kilometers he merely presented observed data. 
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In 1924, the model based on Toussaint’s temperature-altitude function was 
adopted as the international standard by the International Committee on Air 
Navigation (ICAN). The standard was also accepted throughout Europe. 

However, the very next year in the United States, Diehl modified, extended, 
and amplified Gregg’s work, redrew the tropopause at 65 000 feet (using 
English units), and used a temperature of -55 degrees Celsius as his tropo- 
pause value. This became the next U.S. Standard Atmosphere. 

Other revisions to the U. S. standard were made by Brombacher in 1926 and 
1935. It was not until 1952 that the U. S. Standard Atmosphere and 
the European atmosphere agreed. The United States agreed to accept the 
ICAN values of tropopause altitude and tropopause temperature, while Europe 
agreed to accept the United States sea-level value of gravity. 

After World War II, other workers were concerned with the upward extension 
of the standard atmosphere, because of the interest generated by the rocket 
firings at White Sands. Models appeared in 1947 and 1948 by Warfield and 
Grimminger, respectively; in 1952 and 1953, meetings were held for inter- 
ested scientists to examine and discuss rocket data. Various proposals and 
models were generated, and eventually an extension proposed bv Minzner 
(who gives an interesting account of the meetings in his paper (ref. lo), as 
well as fine details on the other material in this section) was adopted. As a 
result of Minzner’ s proposals, a model atmosphere to 130 kilometers was 
adopted. 

As more and better rocket data became available, the ARDC model and exten- 
sion to the U.S. Standard Atmosphere was generated in 1956. This atmos- 
phere was tabulated to just over 542 kilometers. 

With the increase in knowledge of atmospheres by the information generated 
by high-rising radiosondes, rockets and satellites between 1956 and 1962, 
a new model atmosphere to greater heights and to greater accuracy became 
possible; in 1962, the Committee on Extension to the Standard Atmosphere 
(COESA) adopted a new U. S. Standard Atmosphere. This model atmosphere, 
which gives tabulations to 700 kilometers, divides the atmosphere into four 
altitude regions of geopotential altitude, based on the increasing uncertainty 
of information. The region from -5 to 20 geopotential kilometers is desig- 
nated proposed; from 30 to 90 geopotential kilometers is designated tentative; 
and from 90 to 700 geopotential kilometers is designated as speculative. Note 
that only the lowest 20 geopotential kilometers are regarded as standard. 

The 1962Atmosphere uses a sequence of connected linear segments for 
temperature, following Toussaint’ s method, but above 100 kilometers is uses 
a smoothed curve for molecular scale temperature. The tables are given in 
both geopotential units and geometric units to 90 kilometers (km), but only 
in geometric altitude units above 90 km. Entries appear for both metric 
and English units. 
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In addition, the 1962 Atmosphere carefully lists all units which are used in 
the calculations (see Table 2) and gives defining equations by which the 
meteorological parameters are derived. To enable the user to better visu- 
alize the parameters involved, graphs appear relating the value of each 
parameter to altitude. Some of the more important of these are reproduced 
in Figures 1 to 4. 

TABLE 2. -ADOPTED PRIMARY CONSTANTS, ATMOSPHERIC 
CE ___--. 

Symbol 

om ref. l] 

Name 

Sea level pressure 

Sea level density 

Sea level temperature 

Sea level gravity 

Sutherland’s constant 

Ice point temperature 

Constant 

Ratio of specific heats 

Mean collision diam. , 
Air 

Avogadro’s number 

Universal gas constant 

-~ 

pO 

PO 

tO 

g0 

S 

T4 

P 

Y 

u 

N 

Metric units (mks - 
1.013250 x lo5 
newtons mm2 

1.2250 kg m -3 

15” c 

9.80665 m set -2 

110. 4’K 

273. 15°K 

1.45! X-IO-” k 
set m (0,)-f/2 

1.40 
(dimensionless) 

3.65 x 10-l”m 

6.02257 x 1O26 
(kg-mol)-1 

English Units 
(ft -lb-set) __. 

2116.22 lb ft-2 

0.076474 lb ft-3 

59. O°F 

32. 1741 ft secs2 

198. 72’R 

491. 67”R 

7. 3025 x 1O’7 
set-l (“R)-1/2 

lb ft-’ 

1. 40 (dimensionless) 

1.1975 x 10 -g ft 

2.73179 x 10 26 

(lb-mol)-l 

1545. 31 ft lb 
(lb-mol)-1 (OR)-1 

Since the issuance of this most recent atmosphere for mid-latitudes, atmos - 
pheres have been generated to 90 kilometers for arctic winter, arctic 
summer, and mean tropical atmospheres. These have been given the name 
U.S. Air Force Interim Atmospheres by Kantor and Cole at the Air Force 
Cambridge Research Laboratories (AFCRL). 

More recently special atmospheres have been generated to represent, by 
month, conditions to 80 kilometers at three latitudes, 30°N, 45”N, and 60°N. 
Kantor and Cole, working with latitude circles, rather than regions, equate 
these models to approximately mean conditions at the above latitudes, although 
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the data above balloon heights were taken only over North America and para- 
meters were defined using temperature in straight-line segments. Thus, 
they are more a model than an average, although they perhaps more accurately 
represent average conditions than do other models. Their values, given as 
tables in 5000 geopotential meter intervals, appear in Tables 3, 4, and 5 for 
latitudes 30”N, 45”N, and 60”N, respectively. Their correspondence to sub- 
tropical, mid-latitude, and sub-arctic climatic regimes might be noted. 
Because of their wide latitudinal range and breakdown, their monthly values 
are perhaps better suited than any other known values to certain radiative 
transfer problems where detail is important. Kantor and Cole (personal 
communication, 1966) are currently working on the extension of these latitude 
circle model atmospheres to 700 kilometers. 

Sample Atmosphere 

An average or standard atmosphere provides the general atmospheric charac- 
teristics, but only describes spatial and temporal variations in the most gross 
sense. For the Horizon Definition Study, the spatial and temporal variations 
in the 15 micron radiance of the Earth were of principal interest. To deter- 
mine the variations, it was necessary to compute approximately 1000 infrared 
horizon randiance profiles and subject them to a statistical analysis. As in- 
puts for the computations, it was necessary to generate a sample of the 
Earth’ s atmosphere. Using a carefully selected sample, approximately 1000 
temperature profiles extending from the surface to 90 km were generated. A 
complete description of the data inputs, as well as the procedures used to 
generate the profiles, are described in Reference 11. 

To obtain a reasonably complete picture of temperature variability, three 
different types of data presentation were used: (1) variations in space at a 
fixed time over an area roughly l/3 of the Northern Hemisphere (synoptic 
cases); (2) variations in space at a fixed time along a cross section of 
approximately 5600 km; and (3) variations in time at a fixed point. Tempera- 
ture profiles for the various methods of data presentation were obtained such 
that seasonal and latitudinal variability could be examined. In addition, 
seasonal climatological data was procured so that the individual profiles can 
be compared with the climatological normals. 

Sources of data. -- The real time data were obtained from two basic 
sources. In the region from O-30 km, the radiosonde network provided tem- 
peratures at 12 -hour intervals. The radiosonde network is quite dense over 
North America and provides temperature measurements generally accurate 
to *l”c. All radiosonde information was gathered in the form of microfilmed 
charts from the National Weather Records Center at Asheville, North 
Carolina. Temperatures in the 30-60 km layer were obtained from a series 
of publications entitled “Data Report of the Meteorological Rocket Network 
Firings” which is published monthly. The rocket data are reduced and pre- 
pared by the U.S. Army Electronics Research and Development Activity at 
White Sands Missile Range in New Mexico. Above 60 km rocket measurements 
are rarely made. As a result, an extrapolation technique using temperatures 
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TABLE 3. - MEAN MONTHLY ATMOSPHERIC PROPERTIES, 30” N 
[From ref. 121 

0000 287.15 286.55 280.15 
5oofl 261.65 264.15 262.65 

10000 229.15 231.65 230.15 
1.5000 208.35 209.95 210.55 
20000 208.15 208.15 210.15 
25000 219.15 218.15 220.15 
30000 229.15 228.15 231.05 
35000 240.35 239.65 242.55 

292.15 
267.15 
232.15 
210.9s 
211.15 
221.65 
231.65 
242.85 

40000 252.35 252.15 254.05 251.85 
45000 264.35 264.65 265.55 266.85 
50000 269.15 269.65 270.15 271.65 
55000 261.15 263.65 262.15 261.55 
60000 250.05 254.35 2SO.YS 2t8.45 
65000 234.55 237.85 234.95 232.45 
70000 219.05 221.35 218.95 216.45 
75000 203.55 204.8s 202.95 200.45 
79000 191.15 191.65 190.15 187.65 

295.15 298.65 301.15 
271.15 272.65 271.65 
233.65 235.15 238.15 
208.15 203.65 203.15 
211.55 212.05 211.95 
223.05 222.55 222.15 
234.55 233.05 232.15 
246.05 245.15 243.35 

257.55 257.65 
269.05 270.15 
273.65 272.65 
263.65 262.65 
250.35 249.35 
233.85 232.85 
217.35 216.35 
200.85 19Y.85 
187.65 186.65 

255.35 
267.35 
272.15 
26t.15 
252.35 
233.35 
214.35 
195.35 
180.15 

208.6.5 
272.15 
239.95 
206.95 
210.65 
220.65 
230.65 
242.15 

206.65 
272.15 
234.65 
207.65 
211.75 
222.25 
230.75 
241.65 

2Y3.65 
265.65 
233.65 
207.65 
211.15 
221.25 
229.75 
240.65 

25i.65 254.15 253.15 
267.15 266.65 265.65 
272.15 271.65 270.65 
266.15 263.65 261.65 
256.55 252.35 255.25 
238.55 235.85 238.25 
220.55 219.35 212.25 
202.55 202.85 202.25 
1X8.15 1X9.65 190.65 

289.15 
266.15 
231.15 
208.75 
209.15 
219.65 
227.15 
237.95 

28klS 
261.25 
220.75 
20Y.0.5 
20Y.65 
219.X.5 
226.85 
237.45 

250.95 250.15 
263.95 263.45 
269.15 268.65 
263.15 262.65 
253.85 253.45 
237.35 237.45 
220.85 221.45 
204.35 205.45 
191.15 102.65 

Pressure (ml)) 
0000 
5000 

12i 
20000 
25000 
30000 
35000 

1.0210 1.n190 1.0180 1.0170 1.0155 1.0140 1.0135 1.0135 1.0150 
KS020 5.4909 5.4860 5.5191 5.5530 5.5692 5.5700 5.5612 5.5556 
2.7402 2.7540 2.7400 2.7812 2.81X8 2.8385 2.8515 2.8540 2.8278 
1.2437 1.2601 1.2499 1.2732 1.2888 1.29.5X 1.3127 1.3260 1.2YS3 
5.4096 5.5011 5.4942 5.6030 5.6279 5.6768 5.7429 5.7963 5.6629 
2.4342 2.4680 2.4834 2.5460 2.5729 2.5861 2.6146 2.6247 2.5826 
1.1359 1.1478 1.1638 1.1981 1.2193 1.2216 1.2325 1.2310 1.2148 
5.4820 5.5235 5.5654 5.8269 5.9888 5.9757 6.0030 5.9704 5.8846 

1.0170 
.i..i372 
2.8017 
1.2826 
5.6032 
2.5469 
I.1040 
5.7660 

1.0190 1.0200+3* 
5.5208 5.4X66+2 
2.7743 2.7334 
1.2638 1.2l44 
5.5031 5.4289+1 
2.4X87 2.4589 
1.1584 1.1441 
5.5450 5.4696+0 

40000 2.7400 2.7572 2.8426 2.0327 3.0386 3.0286 3.0255 3.0012 2.9539 2.X863 2.7565 2.7151 
4.5000 1.4143 1.4234 1.4727 1.5234 1.5881 I.5852 1.5736 1.5591 1.5327 1.4938 1.4195 1.3964 
50000 7.4804 7.5365 7.8087 8.1051 8.4892 X.4673 X.3819 8.3041 8.1536 7.92X4 7.5066 7.3756-l 
55000 3.9351 3.9771 4.1177 4.2810 4.5052 4.4830 4.4410 4.4083 4.3150 4.1939 3.9566 3.8829 
60000 2.0192 2.0602 2.1183 2.1925 2.3193 2.3019 2.2961 2.2077 2.2284 2.1779 2.0470 2.0063 
65000 0.9975 1.0289 1.0484 1.0772 1.1450 1.1331 1.1359 1.1521 1.1065 1.0896 1.0208 l.OOOl 
70000 4.6956 4.X878 4.9376 5.0310 5.3683 5.2915 5.2036 .S.4721 5.2224 5.17X!, 4.841 i 4.74Yl-2 
i.5000 2.OY14 2.1915, 2.1962 2.2161 2.3707 2.3280 2.2980 2.4303 2.3242 2.3193 2.lGil 2.1320 
iYOO0 1.0462 1 .OYYY l.OYS5 1.0956 1.172X 1.1480 l.lOY4 1.2115 1.1.5X1 I.1606 1.0X.56 1.0731 

lknsity (kg/~+) 
ooorl 1.2387 1.2384 1.2265 1.212i I.1086 1.1X28 1.1724 1.1x22 1.1920 1.2065 1.2277 1.2~18+0+ 
5000 7.3255 7.2416 7.2764 7.1970 7.1344 7.11SY 7.1431 7.1186 7.1116 7.1802 7.2263 7.3162-l 

100no 4.1657 4.1416 4.1474 4.1734 1.2028 4.2051 4.1712 4.1435 4.1082 4.1773 4.1X12 4.1 UT 
15000 2.0796 2.0908 2.06X0 2.1026 2.1570 2.2166 2.2510 2.2337 2.1731 2.1517 2.1001 2.0738 
20000 9.0537 9.2069 9.1078 Y.2441 Y.3007 9.3262 9.4393 9.5858 9.3165 0.244-I Y.1662 9.0209-2 
25000 3.8694 3.9412 3.9297 4.0016 4.0184 4.0481 4.1002 4.1440 4.0481 4.0101 3.9472 3.8963 
30000 1.7269 1.7525 1.7547 1.8018 1.8110 1.8261 1.8494 1.8593 1.8339 1.8104 1.7766 1.iS74 
35000 7.9457 8.0292 8.1242 8.3587 8.4792 X.4917 8.5937 8.5893 8.4833 8.3469 8.1181 X.0246-3 

40000 3.7825 3.8093 3.8980 4.00x9 4.1101 
4.5000 1.8638 1.X736 1.9320 1.9888 2.0563 
50000 O.Y682 0.9737 1.0070 1.0304 1.0807 
55000 5.2494 5.2551 5.4719 5.69YY 5.9528 
60000 2.8131 2.8217 2.0406 3.0743 3.2274 
65000 1.4815 1.5069 1.5515 1.6144 1.7058 
70000 7.4676 7.6926 7.8562 8.09i 1 X.6043 
7.5000 3.5794 3.7276 3.769Y 3.8514 4.1119 
79000 1.9067 1.9993 2.0071 2.0335, 2.1773 

4.0950 4.1277 4.1057 4.0490 
2.0442 2.0505 2.0332 2.0024 

3.9720 3.8266 3.7766 
1.9590 1.8735 1.8465 
1.0205 0.9716 0.9564 
5.5206 5.2379 5.1501 --I 
2.0725 2.8OYl 2.iS77 
1.5932 1.4983 1.4673 
8.1514 7.6372 i.4709-5 
3.YS58 3.6944 3.6160 
2.1207 1.9784 1.9405 

1.0819 1.072Y 1.0630 1.0456 
5.0460 5.8570 5.7701 5.7016 
3.2160 3.1697 3.1201 3.0762 
1.6952 1.6958 1.6825 l.63GI 
8.5252 X.6033 X.6434 X.2942 
4.0596 4.owo 4.1951 3.9915 
2.1426 2.1453 2.2432 2.1273 

* PO\\ w nf ten Iy kvhich i)recetling n 
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TABLE 4. - MEAN MONTHLY ATMOSPHERIC I’ 
[From ref. 12) 

‘ROPERTIES, 45.’ N 

Altitude 
(fsop. m.) 

oooo 

2% 
1.5000 

ZE 
30000 
35ooo 

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. 

Temperature (K) 
272.15 273.15 274.15 279.15 284.65 288.15 294.15 292.15 
249.65 249.65 253.15 257.15 260.15 263.40 267.15 265.40 
219.65 217.15 223.15 224.65 225.15 231.90 235.15 231 .VO 
217.15 217.15 217.15 218.15 218.15 216.15 215.65 215.15 
215.15 217.15 217.15 218.15 218.15 219.45 219.25 218.75 
215.15 219.65 220.15 221.65 223.15 224.95 225.25 224.75 
219.90 224.65 225.15 228.65 231.65 233.15 233.65 233.15 
229.90 231.65 233.40 239.15 244.90 245.40 245.40 244.40 

240.65 242.15 246.65 252.40 258.40 259.15 258.40 257.40 
255.60 255.90 260.65 264.65 268.90 269.65 268.15 268.40 

50000 264.40 263.40 266.65 269.40 272.40 273.40 271.65 271.40 
55000 259.90 25X.15 258.65 262.15 265.90 267.65 268.40 265.15 
60000 247.65 247.90 244.15 251.15 253.15 254.65 256.65 253.15 
65000 238.65 237.40 233.15 23X.lS 235.90 238.65 235.40 233.65 
70000 232.15 227.40 225.40 222.90 216.90 216.40 212.15 213.15 
is000 218.65 218.15 216.90 207.15 198.40 lY1.40 190.15 194.65 
i9000 206.65 210.95 209.30 193.55 182.80 1 i3.40 lil.85 1 i7.8.i 

Pressure (ml,) 
0000 1.0180 1.0165 1.0160 1.0150 1.0145 1.0130 
5000 5.3072 5.3097 5.3368 5.3928 5.4428 5.4709 

loo00 2.5602 2.5510 2.6024 2.6509 2.6888 2.7422 
1scoO 1.1711 1.161; 1.18;6 1.2143 1.2319 1.2614 
20000 5.3098 5.2900 5.4080 5.5497 5.6300 5.7439 
2sooo 2.4004 2.4144 2.4707 2.5442 2.5959 2.6627 
30000 1.0898 1.1191 1.1471 l.lY14 1.2211 1.2608 
35000 5.0963 5.2839 5.4308 5.7231 5.9557 6.1632 

40000 2.4649 2.5660 2.6616 2.8573 3.0225 3.1325 3.2098 3.1268 
4soOiI 1.2347 1.2905 1.3580 1.4758 1.5830 1.6441 1.6804 1.6351 
50000 6.4418 6.7176 7.134s i.8173 x.4457 8.7858 8.9418 8.7112 
55cixJ 3.3637 3.4996 3.i3YO 4.1224 4.4903 4.6867 4.7590 4.6185 
6M)OO 1.7211 1.7818 1 .a943 2.lli3 2.3265 2.4394 2.4905 2.3YlY 
6.5000 0.8475 0.8812 0.9238 1.0554 1.1593 1.2210 1.2470 1.1899 
XJWO 4.11YY 4.2233 4.3841 5.0260 5.4425 5.7846 5.7972 5.5146 
isnO 1.9325 l.YOll 2.0266 2.2728 2.3919 2.4938 2.4803 2.3908 
7YOOO 1.0162 1.03i2 1.0672 1.1488 1.16i3 1.1782 1.1618 1.14i3 

oooo 
5000 

10000 
15000 
2oooo 
25OCO 

1.303 1 1.2964 1.2910 1.2667 1.2416 
7.4058 7.4093 7.3442 7.3058 7.2885 
4.0606 4.0023 4.0627 4.1108 4.1604 
1.8788 1.8636 1.9052 1.9392 1.9672 
8.5976 8.4866 8.6760 8.8624 8.9907 
3.8866 3.8292 3.9096 3.9988 4.0526 
1.7265 1.7353 1.7749 1.8151 1.8364 
7.7224 7.9462 8.1059 8.3368 8.4719 

1.0135 1.0150 
5.5224 5.5176 
2.i963 2.7730 
1.2924 1.2721 
5.8760 5.7735 
2.7244 2.6722 
1.2919 1.2651 
6.3226 6.1799 

Density (kg/m3j 
1.2247 1.2003 
7.2357 7.2013 
4.llY4 4.1426 
2.0330 2.0877 
9.1182 9.3364 
4.1236 4.2135 
1.8838 1.9262 
8.7492 8.9755 

1.2103 
7.2425 
4.165 
2.0598 
Y.1945 
4.1420 
1 .x903 
8.8089 

40000 3.5683 3.6916 3.iSY3 3.9437 4.0748 4.2109 4.3274 4.2318 
45000 1.6825 1.7568 1.8150 1.9426 2.0508 2.1241 2.1830 2.1223 
SO000 0.8488 0.8884 0.9321 1.0109 1.0801 1.1195 1.1467 1.1182 
5scvO 4.5087 4.7226 5.0360 5.4783 5.8829 6.1002 6.1769 6.0680 
60000 2.4210 2.5039 2.7029 2.Y36Y 3.2016 3.33i2 3.3806 3.2916 
65M)o 1.2371 1.2931 1.3803 1.5438 1.7120 1.782-l 1.8454 1.7741 

:% 3.0790 6.1810 3.1318 6.4699 3.2550 6.7759 3.8222 7.8551 4.1998 8.7414 4.5300 9.3123 4.5441 9.5195 9.0130 4.2789 
79ocKl 1.7130 1.712Y 1.7763 2.0676 2.2246 2.367 1 2.3626 2.2474 

~~.~_. 
* Power of ten hy which preceding numhers should Ix multiplied. 

Sept. Oct. sov. 

288.15 
262.40 
230.90 
215.15 
217.65 
222.65 
227.65 
239.15 

284.15 
257.15 
227.15 
215.15 
215.15 
220.15 
225.15 
234.15 

278.15 273.15 
254.15 251.15 
224.15 218.65 
215.35 216.15 
214.65 216.15 
218.65 216.15 
222.65 216.15 
229.65 227.90 

251.90 246.90 241.90 241.40 
268.65 258.90 255.15 257.15 
269.40 265.40 262.65 265.40 
262.40 262.40 259.15 264.15 
248.40 251.90 240.65 255.65 
232.15 238.40 239.1.5 241.90 
213.65 223.65 22.5.15 226.65 
106.15 207.90 211.1s 212.65 
183.35 195..50 201.55 203.85 

1.0165 1.0175 
5.4805 5.4178 
2.7393 2.6734 
1.2556 1.218Y 
5.6891 5.5103 
2.6185 2.5137 
1.2262 1.1671 
5.8972 5.5287 

1.0180+3* 
S.3316+2 
2.5736 
1.1730 
5.3222+ 1 
2.4148 
1.0956 
5.0765+0 

2.9442 2.7177 2.5693 2.4471 
1.5173 1.3834 1.2931 1.2328 
8.0229 7.2327 6.7035 6.4418- 1 
4.2366 3.7065 3.4972 3.3829 
2.1708 1.9574 1.7862 1.7593 
1.0674 0.9750 0.8888 0.8851 
4.0601 4.6582 4.2613 4.2737-2 
2.1506 2.1094 1 .v449 1.9579 
1.0163 1.0711 1.0028 1.015i 

1.0180 
5.3714 
2.6271 
1.1983 
5.4085 
2.4584 
1.1335 
5.3123 

I .22a9 1.2475 1.2750 
7.2760 7.3396 7.3626 
4.132’~ 4.1001 4.0830 
2.033 1 1.9737 1.9385 

my; 3.9777 8.9221 8.7778 3.9169 
1.8764 1.8058 1.7736 
8.5724 8.2256 8.0585 

4.0718 3.8346 3.7002 
2.0048 1.8615 1.7655 
1.0375 0.9494 0.88Yl 
5.6246 5.0403 4.7011 
3.0444 2.7071 2.4925 
1.6017 1.4248 1.2947 
8.0878 7.2559 6.5981 
3.8195 3.5346 3.2088 
1.9881 1.9086 1.7334 

Dec. 

1.2983 +0* 
7.3954 - 1 
4.1004 
1 .a905 
8.5777-2 
3.8919 
1.7659 
7.7599-3 

3.5314 
1.6700 
0.8456 
4.4615--L 
2.3973 
1.2i46 
6.5688-S 
3.2075 
1.;3.;s 
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PROPERTIES, 60” N TABLE 5. - MEAN MONTHLY ATMOSPHERIC 
[From ref. 121 ___- ----~~~~ ___ _. -.-~ - 

l:eb. Mar. Apr. 
-- ~__ 

May Jun. Jul. Aug. Altitude 
(geop. m.) Jan. Sept. Oct. Nov. Dec. 

Temperature (K) 
282.65 287.15 281.1S 
259.65 260.1.5 262.1.5 
224.65 225.15 224.1.5 
224.65 225.15 224.15 
221.65 225.15 221.15 
228.65 228.15 227.75 
233.65 235.65 232.25 
246.65 247.65 245.15 

0000 257.15 256.65 261.65 269.15 
5000 240.95 244.90 2456.5 250.1 S 

10000 217.15 218.65 219.65 222.1s 
15000 217.15 218.65 210.65 222.1.; 
20000 214.15 218.65 219.65 222.1s 
25000 211.15 219.55 215.15 222.15 
30000 216.15 222.55 217.65 225.65 
35000 222.65 225.55 225.35 238.15 

276.65 
253.25 
223.65 
223.65 
223.65 
;;;a:; 

244.6j 

281.15 275.15 266.15 259.15 
256.15 252.65 248.65 243.90 
221.1s 220.15 218.65 217.65 
221.15 220.15 218.6 217.65 
221.15 218.35 216.65 214.15 
222.15 218.65 214.65 210.65 
227.15 221.15 219.65 212.65 
236.65 229.65 224.65 219.65 

240.85 250.65 
256.35 263.15 
265.65 270.65 
260.65 266.65 
24X.1.5 256.65 
240.15 242.15 
234.15 224.65 

40000 
45000 
50000 
55000 
60000 
65000 
ifI 
j, ‘, ( ! 
7,; :. *i. , 

235.15 
247.65 
260.15 
25X.35 
250.6.i 
24X. 15 
2W.i.i 
2.3i.i.~ 
'.i?.l.i 

236.15 
24X.65 
261.15 
259.35 
251.15 
246.15 
;y.~ 

2il.j 1 

259.65 
270.85 
274.15 
269.15 
256.65 
236.65 

261.65 262.6.i 
273.05 273.85 
276.65 277.15 
272.65 273.15 
260.05 260.45 
237.0.i 236.95 
214.05 213.45 
191.05 189.95 
172.65 171.15 

249.15 242.15 235.65 
261.65 254.65 248.15 
271.65 267.15 260.65 
268.75 262.Y5 259.15 
253.35 253.65 251.65 
234.35 241.15 243.25 
215.35 228.65 231.25 
196.35 216.15 219.25 
181.15 206.15 209.65 

233.15 
246.65 
260.15 
258.65 
251.15 
243.65 
236.15 
228.65 
222.65 

216.65 
196.65 
180.65 

221.15 207.15 
216.15 193.15 

Pressure (mb) 
0000 1.0135 1 .o 140 1.0140 1.0130 1.0125 1.0105 1.0100 1.0105 
5000 5.1582 5.1016 5.2147 5.2668 5.3293 5.3952 5.4076 5.4051 

10000 2.4160 2.4501 2.4793 2.S302 2.5771 2.66!4 2.6715 2.6735 
15000 1.1002 1.1219 1.1392 1.1728 1.2007 1.2442 1.2510 1.2477 
20000 4.0826 5.1364 5.2341 5.4359 5.5940 5.8166 5.8583 5.8232 
25000 2.2315 2.3528 2.3856 2.5196 2.6063 2.7338 2.7489 2.7309 
30000 1.003 1 1.0862 1.0834 1.1749 1.2296 1.3056 1.3159 1.2994 
35000 4.5949 5.0684 4.9826 5.6237 5.9849 6.3943 6.4717 6.3355 

1.0120 1.0110 1.0212 1.0125+3* 
5.3689 5.3034 5.2373 5.1X66+2 
2.6211 2.5719 2.4940 2.4399 
1.2107 1.1838 1.1419 1.1131 
5.5922 5.4384 5.2092 5.0456+ 1 
2.5839 2.4827 2.3592 2.2576 
1.2079 1.1417 1.0743 1.0072 
5.7657 5.3288 4.9793 4.5697+0 

40000 2.1782 2.4120 2.3938 2.i952 3.0392 
45000 1.0733 1.1920 1.2039 1.4375 1.6004 
50000 5.4764 6.0979 6.2852 7.6063 8.5635 
55000 2.8388 3.1690 3.2961 4.0389 4.5820 
60000 1.44488 1.6214 1.6840 2.1023 2.3923 
65000 0.7304 0.8157 0.8343 1.0623 1.1964 
ioooo 3.6558 4.0453 4.0617 5.1078 5.6282 
is000 1.8008 1 .Y605 1.9286 2.3144 2.4610 
i9000 1.0066 1 .Oi59 1.0367 1.1690 1.1921 

3.2615 
1.7274 
9.2938 
5.0033 
2.6110 
1.32;; 
6.2216 
2.6746 

3.3127 
1.7570 
9.4652 
5.1013 
2.6959 
1.3558 
6.3457 

3.2216 
1.6983 
9.0955 
4.8755 
2.5367 
1.2521 
5.i68Y 
2.4442 
1.1421 

2.8535 2.5828 
1.4617 1.2983 
jr.;204 6.7449 
4.113Y 3.5568 
2.1399 1 .X410 
1.0617 0.9228 

2.3655 2.1484 
1.1673 1.0539 
5.9638 5.3701-l 
3.0956 2.7839 
1.5858 1.4243 
0.7959 0.7140 
3.8736 3.5032-2 
1.8143 1.6797 
0.9592 0.1) 167 

4.9647 4.4591 
2.1640 2.0682 
1.0487 1.0826 

2.7181 
1.2743 1.2637 

Density (kg/m”) 
uooo 1.3730 1.3761 1.3501 1.3112 1.2iso 1.2454 1.2253 1.2389 
5000 7.4578 7.3850 i.3952 7.3347 i.3310 7.2386 7.2414 i.1827 

10000 3.8759 3.9041 3.9677 4.0 142 4.1271 4.133s 4.1.551 
1 SO00 1.7650 1.7874 

::iE 
” 1.8391 1.8792 1.92Y4 l.Y35i 1.9392 

20000 X.1054 8.183i 8.3014 8.5244 8.7136 9.019Y 9.0644 Y.0503 
25000 3.6816 3.7333 3.8627 3.9512 4.05Y7 4.1652 4.1973 4.1772 
30000 1,616T 1.7006 1.7340 1.8138 1.8532 1.9467 1.94% 1.9491 
35000 i. IYY4 7.8282 i.iO25 8.2264 8.5222 Y.0313 9.1037 9.0030 

4onuo 3.2270 3.5582 3.4624 3.8850 4.0777 4.3461 4.3939 4.3140 
4.5000 1.509X 1.6iOO 1.6360 1.9030 2.0585 2.2039 2.2351 2.1820 
50000 0.7333 0.8134 0.8242 0.9790 1.0882 1.1703 1.1897 1.1516 
55OOU 3.8279 1.2567 4.4053 5.2766 5.9306 6.3928 6.5061 6.3105 
60000 2.013i 2.2490 2.3641 2.8536 3.2473 3.5380 3.6060 3.4950 
6.5000 1.02.54 1.1544 1.2103 1.5282 l.i612 1.9512 1.9933 1 .X854 
ioOO0 0.5204 0.5863 0.604s 0.7921 0.9050 1.0126 1.0357 0.9577 
75000 2.638; 2.9521 2.9974 3.X922 4.3596 4.8770 4.9850 4.5207 
79000 1.5105 1.6i21 I .670X 2.1084 2.29X!, 2.5139 2.593 7 2.3247 

..-. _ 
* Power of ten by which preceding numbers should bc multiplied. 

1.2540 
7.3018 
4. I288 
1.9071 
X.EOY 1 
4.0520 
1 .X526 
8.4856 

1.2800 1.3246 
7.3126 x.37; 

3.9898 3.7157 3.4970 
1.9461 1.7761 1.6387 
0.9901 0.8795 0.7971 
5.3327 4.6766 4.1613 
2.9425 2.5284 2.1953 
1.5783 1.3332 1.13Y9 
0.8031 0.6794 0.5835 
3.8391 3.3333 2.8827 
2.0168 I .X295 1.5939 

1.3611+0” 
7.40X2- 1 
3.9052 
1.7816 
X.2079-2 
3.733s 
1.6501 
7.2477-3 

3.2102 
1.4886 
0.7191 
3.7496-4 
1.9756 
1.0209 
0.5168 
2.5592-5 
1.4342 
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in the 30-60 km layer was developed to supply the temperatures at the higher 
levels needed for this study. This technique is discussed in detail later in 
this report. 

Corrections to meteorological rocket data. -- The measurement of tem- 
peratures above the limits of sounding balloons is difficult. The light-weight 
and delicate temperature sensor must survive the rigors of boosted flight and, 
once ejected, reach the temperature conditions of the environment as quickly 
as possible. As expected, consistent errors are present in the recorded 
temperature information. Also, the magnitude of the error increases with 
altitude to the point where Meteorological Rocket Network (MRN) data above 
60 km is questionable. 

Since the measurements are made with different types of rocket sounding 
systems throughout the MRN, various corrections are required to produce a 
set of consistent corrected data. Most of the correcting is performed at the 
various MRN launching sites and other corrections are performed by the U.S. 
Army Electronics Research and Development Activity of White Sands Missile 
Range (WSMR), New Mexico. One of the most frequently used systems of 
temperature measurement is the Deltasonde employed by WSMR, Fort Greely, 
Alaska, and Point Mugu, California. Wagner (ref. 13) has developed correc- 
tions for data acquired by the Deltasonde. The Wagner correction takes into 
account effects of compressional or frictional heating, lead wire length and 
heat conduction through the leads to the thermistor, varying time constant, 
internal heating and dissipation, solar radiation and the effective infrared 
radiation temperature below the thermistor. Application of this correction 
system to the MRN temperature data gathered at WSMR and Forth Greely, 
Alaska was begun in January 1964. Published Point Mugu data were not 
corrected in 1964. As a result, GCA, with information furnished by Texas 
Western College (Neary, Personal Communication, 1966), applied the 
appropriate corrections to the 1964 Point Mugu data. All other corrections 
to the 1964 MRN published data were assumed to have been performed by the 
contributors for the temperature measuring devices other than the Deltasonde. 
In 1965, all data collection and reduction were accomplished by each contribu- 
tor to the MRN network. All published 1965 Point Mugu data were corrected 
by the Wagner method. Lists of all the rocket soundings used in the study and 
the maximum height at which temperature information is available from each 
rocket firing are detailed in Reference 11. 

Analysis techniques. - - 

Interpolation: The real time temperature soundings in the O-30 km layer 
were obtained from conventional meteorological charts at specified constant 
pressure levels (called mandatory levels) and from tabulated listings of 
radiosonde flights in time cross section studies where 12-hour data resolu- 
tion was required. Also, surface charts were used to obtain the temperature 
and pressure at the base of the atmospheric column. The constant pressure 
charts employed were at the 850, 700, 500, 300, 200, 100, 50, 30, and 10 mb 
levels. Height contours and isotherms are analyzed on every chart. Thus, 
it was possible to interpolate between the analyzed data at any desired loca- 
tion. 
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Data in the 30-60 km layer is scarce, and charts are not available on a routine 
basis. As a result, special charts were prepared using the rocket data from 
the MRN. If only MRN temperatures were plotted on the charts, analysis of 
the thermal field at any level would be difficult. However, in addition to the 
temperature measurements, the rocket soundings included wind measurements. 
With this information, it is possible to compute the thermal wind and improve 
the temperature analysis considerably. 

The thermal wind is the vector difference between the geostrophic wind at two 
levels (ref. 14). Therefore, observed wind differences will be equal to ther- 
mal wind only when the wind field is geostrophic, i. e. , when friction and ac- 
celerations are unimportant. Between 30 and 60 km the geostrophic limita- 
tions are not considered to be of great importance. 
the thermal wind is: 

Thus, the expression for 

where 

‘thermal 

k’ 

R 

f 
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thermal x ’ =; (+)(Y.) 

= the thermal wind 

= the unit vector along the vertical axis 

= the gas constant for dry air 

= the Coriolis parameter 

= the pressures at the bottom and top of the layer, 
respectively, 

= the horizontal temperature gradient normal to 
thermal wind 

(4) 

The thermal wind is parallel to the isotherms with warm air to the right of 
the thermal wind facing downwind. Also, the strength of the thermal wind is 
proportional to the magnitude of the temperature gradient. Thus, with the 
aid of the thermal wind, temperature analysis could be improved significantly. 
Also, an MRN report would often contain only wind information. This report 
would still be of great value for, although the temperature measurements 
would be missing, the strength and direction of the computed thermal winds 
would give information on the spacing and direction of the isotherms. In this 
study, the vertical wind shears were computed every 3 km with the tempera- 
ture centered in each layer. 

The interpolation procedure followed for the climatology data was quite similar 
to the methods for the real time information. Mean temperature data from the 
surface to 25 mb were interpolated directly from analyzed charts and tables. 
Between 100 000 feet (30. 5 km) and 170 000 feet (51.8 km) mean temperature 
and standard deviation charts were plotted and analyzed using lVIRN 
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information prepared by Quiroz (ref. 15). Then, the interpolation was per- 
formed in the same fashion as with the real time data. There were no ther- 
mal winds to assist in the analysis of the climatological data. Also, there 
were fewer data points per chart. Thus, the climatological data in this layer 
must be considered as speculative. 

Extrapolation: As noted earlier, temperature measurements above the 
60 km level are a rarity. Such measurements are beyond the present cap- 
ability of the MRN network on a routine basis; an occasional sounding does go 
higher than the 60 km level but almost never beyond 65 km. A logical solu- 
tion to the lack of data above 60 km is to extrapolate from data at lower levels 
to the higher levels with the use of statistical relationships developed using 
all of the available information at the higher levels. 

Since the 30-60 km region is relatively data-rich, it seems logical to use the 
temperatures in this layer to extrapolate above 60 km. It was noticed that 
when the 50 km temperature was colder than the 50 km temperature of the 
1962 standard atmosphere, the 80 km temperature appeared to be warmer 
than the 1,962 standard atmosphere temperature at that height. 
pheric soundings were obtained (ref. 

Thirty atmos- 
16) where both 50 and 80 km tempera- 

tures were measured. These soundings were made over North America. A 
scatter diagram (Figure 5) was prepared showing the difference between the 
observed 50 km temperature and the corresponding standard atmosphere tem- 
perature as the predictor and the 80 km difference as the predictant. Separate 
linear correlation coefficients and regression lines were computed for summer 
(May-October) and winter (November-April). The linear correlation coeffi- 
cients were 0. 62 for summer (14 points) and 0. 47 for winter (16 points). 

Figures 6 and 7 show how the 50 km and estimated 80 km temperatures were 
used to obtain temperature values from 63 to 90 km for summer and winter, 
respectively. First, the 1962 standard atmosphere was plotted on both charts. 
Then, the 50 km and predicted 80 km temperatures were plotted. These two 
temperatures were connected by a non-linear curve which assumed the general 
shape of the standard atmosphere. Above 80 km, isothermal conditions were 
assumed. 

With the curves of Figures 6 and 7 and a knowledge of the 50 km temperature, 
the temperature could be estimated above the level to 90 km. In nearly all 
cases, real temperature data were available to heights above 50 km. When this 
situation occurred, the highest point of real data was used to estimate the 
temperatures to 66 km and the 50 km temperature for the higher levels. The 
66 km level was chosen because the constructed curves cross one another 
generally at about this level for both summer and winter. Thus, estimation 
of the high level temperature was based on a combination of the 50 km temper- 
ature and the highest point of real data. 
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SPECIAL ATMOSPHERIC EFFECTS 

ATMOSPHERIC VARIATIONS 

Atmospheric models describe a dry atmosphere at a given region and time. 
In the real atmosphere, air motion is present with accompanying temperature 
variations in time and space, in addition to H20 in gaseous, liquid, and solid 
form. 

Water vapor, in all of its forms in the atmosphere, is vital in radiative t rans - 
fer; tropospheric temperature variations are directly related to the amount 
of radiative energy leaving the Earth at any given time. 
departures from a dry, 

Consequently, the 

considered. 
static model or sample of the atmosphere must be 

In the radiative transfer problem, 
concern need be considered. 

only those meteorological variables of 
Therefore, the following paragraphs describe 

atmospheric variations which produce important effects on the radiative 
transfer problem. 

Variation of Water Vapor and Ozone 

Variations in water vapor (H20 in gaseous form) and in ozone (03) occur in the 

atmosphere with respect to altitude, time, and geographic region of the Earth. 
These variations are of importance to radiative transfer considerations, since 
water vapor absorbs strongly in the region around 6. 3 microns and in the in- 
frared above 16 microns, and ozone absorbs in the region of 14 microns. 

Ozone is found in the altitude region of the atmosphere extending from about 
20 to 50 kilometers. A strong absorber of radiation between 2000 and 3000 
angstroms (ref. 17), ozone absorbs most of this energy from the sun in its 
upper layers. So much of this ultraviolet is absorbed in the sparse upper 
parts of the ozone layer that the ultraviolet which penetrates to the lower 
layers is too weak to heat the lower, thicker portion of the ozone layer. This 
results in strong heating of the region known as the stratopause, which marks 
the region of maximum temperature between the main body of the stratosphere 
and mesosphe re. Ultraviolet radiation from the sun manufactures the ozone; 
ozone is, therefore, most strongly concentrated in the sunlit regions of the 
Earth. Ozone concentration reaches its minimum over the poles during the 
long, polar night, and its variations above the winter pole are due to advection 
to those regions by stratospheric winds. 

Water vapor, which is excluded from model atmosphere calculations, can at 
times constitute as much as two to three percent of the gaseous content of 
the atmosphere. Water vapor enters the atmosphere mainly by evaporation 
from the oceans, seas, lakes, and vegetation. It is transferred to high 
altitudes by the therrno-dynamic lifting processes in the atmosphere. 

The temperature is a determining factor in the amount of water vapor contained 
in the environmental air. Cold air contains very little water vapor; air near 
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the freezing point of water (OOC) is able to hold less than 0.1 percent of its 
volume in gaseous form. At temperatures above 30°C, the air can contain 
from two to three percent of its content as gaseous water vapor. 

Because very warm air can only occur at the surface where solar heating is 
intense, air in excess of 40°C (or even 30°C) is seldom near the saturation 
-point; that is, it does not contain the amount of gaseous water that it could 
theoretically. Over the oceans, air cannot heat up enough to break the up- 
ward limit of about three percent water vapor. 

Large amounts of water vapor in the atmosphere are concentrated in the first 
one or two kilometers. Above these heights, the air is too cold to hold much 
water vapor; in regions where very much water vapor is present in these low 
levels, the vapor condenses into the liquid form between one and two kilome- 
ters. (or close to these altitudes). Even small amounts of water vapor pro- 
duce clouds which are quite opaque in both the visible and infrared even at 
very low temperatures (on the order of -20°C). 

It is difficult to measure the small amounts of water vapor existing in the cold 
temperature of the stratosphere. Radiosonde humidity sensors are too crude 
to measure even what can be considered comparatively large amounts of 
water vapor in the tropopause. 

Limited measurements of water vapor in the stratosphere have recently been 
taken with such sensors as the alpha particle frost-point hygrometer (ref. 18). 
Brown and Pybus (ref. 19) give the results of stratospheric water vapor 
measurements made from the Naval Air Facility at McMurdo Sound with a 
Ballistic Research Laboratory frost-point hygrometer. They present a graph 
of water vapor mixing ratios showing their results and values obtained by 
other investigations. This graph is reproduced here in Figure 8. 

Liquid and Solid H20 in the Atmosphere 

Condensation. -- Since the amount of water vapor that the air can contain is 
a function of the temperature, it follows that if a volume of air decreases in 
temperature to the point (the dew point) where it can no longer contain the 
vapor, the vapor must be ejected from the volume of air, This removal of 
water vapor from the air is called condensation, and the visible evidence of 
condensation is a cloud in either the liquid or solid form. This aggregate of 
liquid and/or solid water is quite opaque to radiation in both the visible and 
the infrared region. In the infrared region, if a cloud is of great thickness 
and concentration, it behaves very nearly as a black body. 

In actuality, some water vapor often condenses out into the atmosphere even 
before it drops to the dew point. Most dust and salt particles in an atmos- 
phere that is moist (humidity over 70 percent) have considerable amounts of 
condensed water on them. This accounts for the rather thick haze that can be 
seen over humid areas on photographs from the Mercury and Gemini missions. 
In contrast, very dry regions, such as the deserts and high plateau regions, 
not ably Tibet, exhibit very clear atmospheres. 
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Air often reaches its dew point by cooling caused by contact with the radiatively 
cooled surface of the Earth, or more often, by being lifted and cooled through 
thermodynamic processes. 

Clouds may exist in the atmosphere from the surface to about 25 kilometers. 
This excludes the rare noctilucent clouds, which form at heights around 80 
kilometers. Preferred regions exist for tropospheric clouds in both hemis- 
pheres. 

Cloud distribution. - - The meteorological satellite, introduced by Tiros I 
in 1960, has brought a revolution to our knowledge concerning clouds. Obser- 
vations previously had been confined to populated areas or those traversed by 
ships and airplanes. Observations that were made were usually quite sketchy, 
if not inaccurate, except perhaps in France, where Schereschewsky and 
Wehrle (ref. 20) made excellent observations, and persuaded the French 
meteorological service to make observations and charts superior to those of 
most other countries. 

Figures 9 and 10 show cloud systems and cloud cover in the Northern and 
Southern Hemispheres, respectively (ref. 21). Solid black indicates overcast 
areas, heavy stipling areas of broken clouds, sparse stipling scattered clouds, 
and clear areas are left blank. 

Meteorological satellites have provided a wealth of new information by ob- 
serving not only entire cloud systems but also by observing temperatures 
of the cloud tops. These temperature observations enable the approximate 
height of tops to be determined by relating observed radiation temperatures 
to model atmosphere temperatures or through comparison with radiosonde 
soundings . 

Cloud Systems. -- Early satellite observations by Tiros I and II confirmed 
and added to the basic models of cloud systems that Schereschewsky and 
Wehrle had put forth. Many cloud systems were seen to possess spiral-shaped 
clouds, or cloud vortexes, near regions of low pressure and in regions of 
maximum vorticity. Thought a rarity at first by many investigators, it is 
now known that about seven major cloud vortex centers associated with 
major low pressure centers usually exist in the Southern Hemisphere (ref. 22) 
and slightly more than that number in the Northern Hemisphere, where the 
presence of so much land mass breaks large circulations into smaller ones. 
Further, most of these large cloud vortexes are associated with long, trailing 
bands associated with frontal regions, commonly known as major bands (ref. 
23). Major bands are on the order of several thousand kilometers long, and 
extend from vortex centers in high latitudes (on the order of 60°) to the tropics 
(on the order of 10-20”). The bands are commonly quite thick and wide in the 
middle latitudes, and extend vertically to the region of the tropopause. 

Frequently, waves will form along these vast bands (ref. 24), often with a new 
vortex center appearing along the body of the band. Such new centers are 
commonly born in favored areas such as in the region of Cape Hatteras. 

30 



Figure 9. Northern Hemispheric Clouds, 22 July 1965 
[From Ref. 2 l] 
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Figure 10. Southern Hemispheric Clouds, 15 February 1965 
[From Ref. 213 
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Major bands first appear in regions where southerly flow begins as the result 
of a perturbation in the zonal flow in the troposphere, i. e., between ridge 
lines to the east andtrough lines to the west. This region is one of charac- 
teristically upward isentropic flow and maximum cyclonic vorticity advection. 
The major band, encouraged to grow by these occurrences, and further fed 
by the latent heat of condensation, finds its upward extent governed only by 
the stability at and above the tropopause. The life-time of a typical major 
band is on the order of 10 days to two weeks. When land, and especially 
mountains are encountered, the major band is often distorted into a barely 
recognizable pattern. Thus, such bands in the southern hemisphere are more 
regular in their pattern than northern hemisphere bands, and have a less 
involved life history. Typically, major bands in the SouthernHemisphere are 
born in the South Atlantic Ocean east of Argentina, gain size and strength as 
they make a complete circuit around the southern ocean, and then become 
broken as they enter the Andes -Mountains of Chile (ref. 22). Cloud vortexes 
at the poleward extent of the major bands usually are centered about 1000 
kilometers off the coast of Antarctica. 

In the Northern Hemisphere, the major bands are predominantly smooth over 
the oceans, although they also tend to be smooth over land areas in the 
summer. Few survive the passage over the mountains of Europe where the 
terrain distorts them, and the desert of North Africa, where their moisture 
source is cut off. The portions of the major bands which drift into the deep 
tropical latitudes are usually quite narrow, and become oriented east -west 
before they slowly die. The tropical portion of the band usually outlives the 
remainder. Thompson, Cronin, and Kerr (ref. 25) have followed such bands 
into the- deep tropics, and have observed instances where several bands 
existed while separated by a few degr.ees of latitude. In the tropics, the bands 
are commonly composed of convective clouds which perhaps get extended life 
from the great amount of latent heat of condensation available. 

Since the mid-latitude portions of major bands are usually bounded at the top 
by the tropopause, they are quite cold, and radiation data show that the tops 
are at or near the tropG!pause temperature. Numerous investigations show 
this, e. g. , Rutherford (ref. 26) who found temperatures lower than 240°K along 
major bands in May between 40% and 50”s. Wexler (ref. 27) showed temper- 
atures below -40°C (-230°K) along a band over the United States, also in May. 
Actual temperatures were probably slightly colder, due to the poor resolution 
of the Tiros II 8- 12 micron sensor, from which the information was taken. 

Since major bands are associated with frontal systems, it can be expected that 
where cold air is flowing southward behind them, convective clouds will form 
associated with the resulting instability of the lower layer of the troposphere. 
The satellites have shown this to be the case. These clouds form in long lines 
behind the major band, and often also form in long bands transverse to the 
cloud lines. Depending on the degree of instability, these clouds may cover 
either a small portion or a major portion of the Earth behind the band. These 
clouds often dissipate at night over the land areas, where solar heating has 
enhanced their development during the day. Usually their bases and tops are 
quite low, although in some instances where instability is great, they may 
develop into small cumulonimbus. Over large portions of interior North 
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America and.Asia in the winter, these clouds are often very low, and bring 
over casts over extensive regions. 

In the vicinity of the equator, and usually just north of it, a broken belt of 
clouds about five degrees wide and extending to the tropopause is usually 
found encircling the Earth. This has been dubbed the “Intertropical Cloud” 
by researchers who prefer to avoid reference to its alleged association with 
the so-called intertropical convergence zone model which has held wide, if 
not reputable, currency in the past few decades. Whether or not the cloud 
belt can be explained in terms of the intertropical convergence zone model is 
perhaps secondary in importance to the fact that this cloud system extends to 
heights of 20 to 25 kilometers, owing to the high tropopause found in the 
tropics. Satellite 8-12 micron window observations find very low tempera- 
tures along this belt, confirming its great extent. This belt of clouds is a 
persistent feature of the Earth’s cloud assemblage 365 days a year. 

Preferred regions for clouds. -- There are regions of the Earth which are 
nearly always devoid of clouds. These are the areas where the air is much 
too dry, and/or where there is persistent descending motion. These areas 
include the Sahara, the Gobi, and other deserts, as well as a vast region of 
the tropical central South Pacific Ocean which has been called the “Great 
Ocean Desert”. 

Over the Antarctic continent, away from the coastline, reports that clouds 
of any thickness seldom occur are due more to fact that to lack of contrast 
between ice and snow. Biter (personal communication) has pointed out that 
most clouds well inland over the continent are usually composed of ice cry- 
stals, and that the average sky cover by clouds in some areas in some parts 
of the year is as low as 10 percent. 

In some cloudy areas, such as under the subtropical highs off the coast of 
California, clouds seldom reach more than one or two kilometers above sea 
level. These clouds are due to the passage of cold air over warmer water, 
but their vertical extent is held in check by the stability generated by the 
warm descending air above them. The extreme cloudiness is caused by the 
fact that they spread out beneath the inversion created by the descending 
process. In such areas, many interesting small cloud vortexes form. They 
are not, however, of as much concern to us as are the high clouds of the 
major bands and the intertropical cloud. 

For the sake of completeness, mention should be made of the crazy-quilt 
cumulonimbus clouds in the tropics which penetrate to the tropopause, but 
which seldom cover very much of the Earth. 

The final clouds of importance are those associated with tropical storms and 
hurricanes. In the tropical storm, cumulonimbus frequently penetrate to the 
tropopause and their ice crystal mantles cover large areas, up to perhaps 
800 kilometers in diameter. They show up as very cold spots in the window 
channel, and on the Nimbus II satellite, are even seen on the 15 micron CO2 

channel as shown in the section on experimental programs of this report. 
Full-fledged hurricanes are usually capped by a stable layer a few kilometers 
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below the tropopause, so their topside temperatures are not as low. Hurri- 
canes which hit land, especially mountainous regions, are the exception. The 
resulting forced additional convergence raises their extreme height to the 
tropopause, but this convergence also weakens them and turns them back into 
tropical storms. 

The satellite promises to give us an excellent climatology of cloud cover 
over the Earth in the next decade, but certain limitations exist. For one, 
the satellite cannot tell us what is beneath the clouds - whether or not they 
are solid to their base, or in layers. Most cloud systems are probably in 
layers. Evidence of this comes from an investigation performed by the 
Staff Members of the Weather Forecasting Research Center at the University 
of Chicago (ref. 28). Their investigation revealed that layers of clouds in 
cyclones are the rule rather than the exception. 

Also, the varying transparency of ice crystal “clouds” causes difficulty in 
determining the “cutoff” point between what is and what is not a cloud. 
Pilots often see ice crystal clouds when in the air, while observers on the 
ground cannot see them. In the visible part of the spectrum, ice crystal 
clouds easily seen from the ground are not visible to the satellite. 

Cloud models, such as that of Watson and Shenk (ref. 29) must continue to 
serve climatology needs until the satellite yields an adequate sample. 

Generally, the average amount of Earth free of all clouds is approximately 
40 percent, while the amount free of all clouds but cirrus too thin for a 
satellite to see approaches 60 percent. About seven percent of the Earth is 
covered by opaque clouds at altitudes in excess of 10 kilometers at any given 
time, with less than one percent covered by opaque clouds in excess of 20 
kilometers. 

THE THERMAL STATE OF THE ATMOSPHERE 

The intensity of radiation from a body is a function of its emissivity and the 
temperature of the body. If the emissivity is unity, then the body is black, 
and the intensity of radiation at 15~ is approximately proportional to the fourth 
power of the temperature by Planckls formula. Hence, changes or variations 
in temperature that are not large can cause large changes in radiation intensity, 

Temperature can change in the atmosphere by radiative heating and cooling, 
by warming and cooling through contact with the Earth, by the release of 
latent heat of condensation which causes heating, and the loss of heat through 
evaporation and freezing which causes cooling; and by air changing its alti- 
tude to warm or cool adiabatically by sinking and rising, respectively. 

In the troposphere, all of these processes operate to change the atmospheric 
temperature, while in the stratosphere, changes are wrought mainly by 
radiative processes on ozone, as discussed above, and by rising and sinking 
because of stratospheric circulations. 
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Tropospheric Temperatures 

The temperature of the troposphere may vary from about -87°C to +57OC. 
These extremes occur at the surface, with the warmest temperatures occur- 
ring over the low-latitude deserts and the coldest over the Antarctic ice pack. 

The general change of temperature with altitude can be seen in the model 
atmospheres presented previously, but the general changes often vary dras- 
tically from those seen in migrating cyclones and anticyclones. Smallest 
variability of tropospheric temperatures with altitude occur in the tropics, 
but large deviations occur in the middle and high latitudes. 

Large fields of very warm temperatures throughout the troposphere often 
occur in the large, warm anticyclones in which air is sinking and warming 
adiabatically. Large fields of very cold temperatures throughout the tro- 
posphere are common in intense cyclones, or low-pressure regions, where 
the air is rising and is being cooled nearly adiabatically. Heating occurs, 
especially in the lower layers, because of the release of latent heat by con- 
densation and freezing of liquid water within the system. The heat gained 
is often lost by the cyclone, however, if the condensed water evaporates 
rather than falling out as rain or snow. Further, at cold temperature 
(below -lOOC), the heat gained by condensation is virtually negligible. 

Over the oceans, especially the tropical oceans, much heat is lost in the 
lowest part of the troposphere by evaporation. This heat is then released in 
the middle troposphere, however, through condensation and freezing. Thus, 
the inter-tropical cloud, and the sundry other convective clouds in the tropics 
and in the summer hemisphere which release their condensed H20 to the 

Earth as rain, act as agents in transporting energy aloft. Much of this energy 
is advected aloft to higher latitudes by tropospheric circulations. Much of 
the heat gained in the tropics is also released to the higher latitude tropos- 
phere through clouds which form and release their liquid and solid content as 
the air moves upward and poleward “isentropically”. 

The clouds themselves preserve the thermal energy of the Earth’s surface 
and atmosphere below them. Radiation directed upward is returned downward 
by the opaque clouds. Thus, the radiative energy, going to outer space 
where a cloud 1s present, is coming from the cloud top, and the Earth radia- 
tion below the cloud cannot escape. Where it is clear, that is, where clouds 
do not cover the Earth, radiative energy is being released rapidly to space. 
Since radiation intensity is proportional to approximately the fourth power of 
the absolute temperature, regions of high opaque cloudiness are conserving 
energy, while regions of no clouds are releasing energy. 

Stratospheric Temperatures 

The lower stratosphere is generally devoid of clouds, and is so cold and dry 
that latent heat considerations are not significant. The warmth that is in the 
stratosphere is mainly due to the absorption of ultraviolet by ozone in its 
upper portion, and to the advection over the winter pole by warm air from the 
tropical regions. 
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Adiabatic warming and cooling also causes certain parts of the stratosphere 
to become warmer and cooler. Until the past decade, little was known of 
stratospheric circulations which produce adiabatic changes. The past decade, 
of course, has seen frequent penetration of the stratosphere by balloons and 
rockets, and various investigators have been able to chart the movem,ent of 
isobaric surfaces and their accompanying temperature fields. 

It is now known that the stratosphere undergoes an annual reversal in wind 
flow in both hemispheres in the middle and high latitudes. Labitzke (ref. 30), 
Webb (ref. 17), Reed (ref. 31), Sawyer (ref. 32), Finger, Mason, and Corzine 
(ref. 33), Nordberg and Stroud (ref. 7), and Craig and Herring (ref. 34) are 
among investigators who have studied the stratospheric circulation. This wind 
reversal has important consequences on the temperature field in the strato- 
sphere. 

According to Webb (ref. 17) the stratosphere in general has a west wind over 
the middle and high latitudes of both hemispheres in March, with a changeover. 
to generally easterly winds in the Northern Hemisphere beginning in April. 
This situation maintains itself until September, when the Northern Hemisphere 
easterlies die out, and once again both hemispheres have westerly winds. 
About 40 days after this, the Southern Hemisphere stratospheric winds switch 
to general easterlies, while generai westerlies persist in the northern hemis- 
phere until early spring, when the Southern Hemisphere stratosphere 
reverses itself to west winds. As a result, both hemispheres are then in a 
westerly stratospheric circulation, and this continues for about 40 days to the 
Northern Hemisphere reversal, where the cycle is again repeated. 

The easterly winds are associated with a high over the pole, the westerly 
winds with a low. Therefore, the time of the east wind corresponds to warm 
stratospheric temperatures, and the time of the west wind corresponds to a 
cold stratosphere. 

The onset of the reversal of the wind field from westerly to easterly is rather 
sudden, with the result that the stratosphere changes its temperature rather 
abruptly. Early investigators were rather startled by these temperature 
changes. Meteorologists became greatly interested in the stratosphere, 
which up to then had been considered an inactive region of the atmosphere. 
The warming effect was given the name “sudden” and “explosive” warming by 
the early workers in these stratospheric investigations. 

Although the stratospheric easterlies and the westerlies possess an apprecia- 
ble degree of consistency after they are once established, certain character- 
istic perturbations occur. One of the most remarkable of these is the 
Aleutian Anticyclone, a high which appears in October and persists in the 
stratosphere even through the winter. This high tends to oscillate between 
Eastern Siberia and CentralCanada in the winter, bringing very warm temp- 
eratures to those regions as it enters. Occasionally it disappears, but then 
re-establishes itself soon after. 

The months of February through March are periods of major shifts in stratos- 
pheric cyclones and anticyclones in the Northern Hemisphere. These are the 
months before the springtime wind reversal. 
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‘%i Temperatures associated with stratospheric cyclones are as low as -75°C (at .cZ 
10 millibars or about 30 kilometers) while temperatures at the same altitude 
can run as high.as -25OC. Because of the persistence of the Aleutian Anti- 
cyclone, the temperature range over the year in the stratosphere at 10 mill- 
bars over the Aleutian Islands is on the order of only 20°C. Central Canada 
(Fort Chur chill region), by contrast, experiences annual ranges of about 40°C 
at 10 millibars, reflecting the alternate dominance of that region by the winter 
polar low and the winter Aleutian Anticyclone. 

Ridges and troughs, associated with warm and cool stratospheres exist else- 
where around the hemisphere. Often a warm ridge will appear in the strato- 
sphere over Europe. Labitzke (ref. 30) has studied ridge and anticyclone pat- 
terns over Europe and North America over a period of years, and finds that 
there is a stratospheric pattern preceding tropospheric changes on the order 
of ten days. 

Labitzke also found that if explosive warming over Central Canada occurred 
before warming in Europe, migrating stratospheric anticyclones would travel 
eastward across the Atlantic. If explosive warming occurred over Europe 
earlier in the year than over Central Canada, migrating stratospheric anti- 
cyclones would move westward from Europe to North America. Further, the 
European warmings would be followed by formation of blocking anticyclones 
in the eastern Atlantic Ocean about 10 days after the onset of the explosive 
warming. Later, Labitzke and Van Loon (ref. 35) found the same lo-day re- 
lationship in an investigation of the Southern Hemisphere at Campbell Island 
(52’S, 116”E). 

Even more significant, Labitzke found that every other year (1958, 1960, 1962, 
1964) the initial explosive warming in the stratosphere would start over Europe,. 
and every other year in between (1957, 1959, 1961, 1963) they would start over 
Canada. Labitzke suggests that there is a connection between these events and 
the 26-month cycle (or biennial) in the wind and temperature field of the trop- 
ical stratosphere. 

Nordberg, Bandeen, Kunde and Warnecke (ref. 36) and Merritt (ref. 2) have 
used Tiros VII radiation data to study stratospheric temperatures. Nordberg 
and his co-workers observed warming and the development of the AleutianAnti- 
cyclone in 1963, and the development of a sudden warming over the Caspian 
Sea in January 1964. The Caspian warming was on the order of 2O”c, and 
lasted for about one month. Merritt also studied stratospheric temperatures 
in vicinity of the Aleutian Anticyclone. 

The 26-month or biennial cycle in the tropics. -- Previous to Labitzke’ s 
work, investigators found evidence of a 26-month (or possibly biennial) cycle 
in the stratospheric winds in the tropics. This cycle is represented by an 
east wind in the tropical stratosphere for 26 months followed by 26 months of 
west winds. This applies to the tropics in both hemispheres simultaneously. 
Features of this cycle include the interesting fact that the first wind reversal 
appears at the highest altitude of the radiosondes (about 31 kilometers). The 
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wind then begins to reverse successively downward at the rate of 1 kilometer 
per month, so that it takes about a year for the reversal to descend all the 
way to the tropical tropopause (about 18 kilometers). 

The cycle is not exactly 26 months but varies between about 21 and 28 months. 
Thus, some have suggested that until another decade goes by, the cycle 
cannot be established as a two-year (24-month) cycle rather than a 26-month 
cycle. 

However, this cycle is not particularly serious with regard to temperature 
oscillation. The temperature cycle is only about 2’C in the vicinity of 25 to 
30 kilometers altitude at the equator and is less poleward at the same levels 
and at lower levels along the equator. The temperature oscillation progresses 
downward with the wind at 1 kilometer per month. There is a reversal and 
minimum in magnitude to the temperature oscillation around 15 to 17 degrees 
north and south, but the oscillation increases in magnitude poleward of these 
latitudes and reaches a maximum of about 1°C at higher levels (20 to 30 km) 
around 25”N to 30”N. These changes are, of course, much less than temporal 
changes in the diurnal and day-to-day scale, even in the tropics. However, 
since the oscillation at the equator is in opposite phase to the oscillation in 
the vicinity of the two tropic lines (Cancer and Capricorn), a 3°C gradient 
may be set up which alternates in direction every two years or 26 months. 

CARBON DIOXIDE VARIATIONS 

The concentration of atmospheric carbon dioxide is of considerable importance 
to the horizon locator problem. When scanning the horizon with a satellite 
mounted detector, sensitive to radiation in the 14 to 16~ CO2 band, the mea- 
sured radiance emitted by the atmosphere is intimately related to the concen- 
tration of carbon dioxide. Also, the observed horizon radiance profile would 
be affected by variations in the concentration of carbon dioxide. Therefore, 
it is important to review our present knowledge of the concentration of atmos- 
pheric carbon dioxide and its variation with time and space. 

In the following discussion, available observations of the variations of carbon 
dioxide are reviewed in terms of diurnal variations, monthly and yearly 
variations, latitudinal variations and variations with height in the atmosphere. 
Based on these observations, a standard vertical profile of carbon dioxide 
concentration between the surface and 90 km is presented. Briefly, observa- 
tions indicate that the average concentration of carbon dioxide is about 0. 0314 
percent by volume, i. e., 314 parts per million (ppm); that, above a height of 
one kilometer, the average deviations about the mean concentration is, at all 
levels, less than f3 percent; and that the concentration generally decreases 
slightly with height in the atmosphere. 
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Diurnal Variations 

The diurnal variations of the concentration of CO2 in the atmosphere are due 

to exchange of CO2 between the atmosphere and the biosphere. In particular, 

vegetation plays a major role ,in this exchange. The CO2 exchange of plants 

depends on the time of day because plant photosynthesis involves assimilation 
and respiration processes which depend on the amount of sunlight, water, and 
co2. The concentration of CO2 near vegetation has a maximum near dawn and 

a minimum near noon (ref. 37). Observations indicate that the range of varia- 
tion depends upon the type of vegetation. At a height of 8 meters (m) above a 
forest, the diurnal variation is about 38 ppm, about 12 percent of the lowest 
concentration of C02, 320 ppm (refs. 38, 39, and 40). It should be mentioned 

that the above measurements are taken a few meters above the vegetation. 
Because of different mixing processes, the concentration inside of the vegeta- 
tion can be 20 to 50 ppm hi 

% tion would be the same as t 
her, while the concentration far above the vegeta- 
at of the free atmosphere. Figure 11 illustrates 

the diurnal variation of CO2 at different heights above vegetation. 

Little information in the literature is available on the diurnal variation of the 
CO2 concentration above vegetation at heights from 100 m to the free atmos- 

phere. Qualitatively, one would expect strong vertical mixing during the day- 
time, owing to the steeper temperature lapse rate, which would lead to a 
CO2 concentration larger than the mean value. During the night, converse 

would be true. A temperature inversion would tend to restrict the vertical 
exchange leading to smaller concentrations of C02. No theoretical treatment 
of this problem is presently available. ! 

Observations of the diurnal variation of atmospheric CO2 for different months 

at Mauna Loa Observatory in Hawaii are shown in Figures 12 and 13. The 
observatory is located 30 km away from any vegetation, but is under the 
influence of a sea breeze circulation during the afternoon, which is correlated 
with the observed minimum concentration at this time. 

The average daily changes, in general, have a pattern similar to that of Fig- 
ure 11. That is, the maximum and minimum concentrations in a day are 
found during the forenoon and afternoon, respectively. However, the noctur- 
nal bursts, a general increase in concentration after sunset, are less regular 
than the dip in the afternoon. The general trend of daily extremes shifts 
slightly to later times from September to March. The largest range is found 
in September and the smallest range is found in February. The annual average 
of the diurnal variation of atmospheric CO2 at Mauna Loa is shown in Figure 
14. 

The nocturnal burst is related to the south wind, by which the volcanic CO2 

is brought to the station by down-slope winds from the summit of the moun- 
tains. The afternoon dip is mainly due to the sea breeze circulation effect 
in which CO2 is taken up by the vegetation on the lower slope before reaching 

the observing station. 
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Figure 11. Average Daily Variation of CO2 Concentration 
at Different Heights Above Vegetation 

[From Ref’s. 39 and 401 
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Figure 12. The Diurnal Variation of Atmospheric CO2 at 
Mauna Loa Observatory in Hawaii, October 1961 

[From Ref. 411 

42 



312.5 

312.0 

312.5 

E 3 14.0 
2 

l 313.5 
0’ .- 
z 
-2 
0” 

3 15.0 

0’ 3 14.5 
0 
64 

0 
0 

315.5 

315.0 

314.5 

3 16.5 

316.0 

-Mar. 

0 4 6 I2 I6 20 24 

Hour 

Figure 13. The Diurnal Variation of Atmospheric CO2 at 
Mauna Loa Observatory in Hawaii, April 1961 

[From Ref. 411 
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Figure 14. The Annual Average Diurnal Course of Atmospheric 
CO2 at Mauna Loa Observatory 

[From Ref. 411 
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Annual Variations 

The monthly and yearly variations on the daily maximum and minimum CO2 

concentrations in the open air close to the top of a vegetation unit were mea- 
sured and analyzed by Huber (refs. 40 and 42)and Pommer (ref. 42) and are 
shown in Figure 15. The extreme maximum is about 440 ppm in July and the 
extreme minimum is about 300 ppm in November. The peak of the monthly 
average of the maximum is about August, and the lowest value of the monthly 
average of the minimum is in July. 

The daily average concentration of atmospheric CO2 at Mauna Loa Observa- 

atory in the course of 1963 is shown in Figure 16. The monthly average 
versus time for the period between 1958 and 1963 is shown in Figure 17. 
These observations also show that the annual maximums and minimums of 
the CO2 concentration occur in May, and SeptemberiOctober, respectively. 

Based on these results, the rate of yearly increase of atmospheric CO2 at 

the Observatory, presumably due to world wide combustion of fossil fuels, 
is about 0.68 ppm per year. The data collected from aircraft observations 
at 700 mb during 1960 and 1961 near Mauna Loa Observatory are compared 
with surface observations in Figure 18. The phase and magnitude at the 700 
mb level during 1960 and 1961, in general, reveal the same characteristics 
as the observations at the surface. 

The month to month variations of CO2 concentration in the free atmosphere 

over the Northern Hemisphere were collected and analyzed by Bolin and 
Keeling. For illustration, these variations are shown in Figures 19 and 20. 
The maximum CO2 concentration is detected in May and the minimum CO2 

concentration is detected in September. The monthly range at lower latitudes 
is smaller than the range at higher latitudes. The average range is about 7 ppm. 

Latitudinal Variations 

The variation with latitude of the annual average concentration of CO2 is shown 

in Figure 21. Several features stand out. The highest values occur at equa- 
torial latitudes, the lowest values at the poles. This is attributed to a net re- 
lease of CO2 from the oceans to the atmosphere at low latitudes. The Northern 

Hemisphere values are greater than the Southern Hemisphere values. This is 
due to the greater industrialization and attendant release of CO2 into the at- 

mosphere by fossil fuel combustion. A secondary maximum at 500 mb at 
middle latitudes of the Northern Hemisphere is probably the result of a con- 
centration of industrialization at these latitudes. The total CO2 range is only 

about two ppm -- from 313 ppm at the South Pole to 315 ppm at the equator. 

The variation of CO2 concentration with latitude and month of the year is 

shown in Table 6. These data are based upon CO2 observations at 500 mb 

and 700 mb for the Northern Hemisphere and near the surface for the 
Southern Hemisphere. The seasonal variation increases with latitude from 
a range of about one ppm at the South Pole to about nine ppm at high 
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Figure 15. The Yearly Variation of Daily Maximums and 
Minimums of the CO2 Concentration 18 m Above 
a Crop Field 

[From Ref’s. 40 and 421 
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35 and 41 “N as Functions of the Month of the Year 

[From Ref. 433 
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TABLE 6. -SMOOTHED AVERAGE VALUES OF THE CO2 CONCENTRATION, 
ppm BY LATITUDE AND MONTH 

[From ref. 433 

Jan. Feb. Mar. April May June July Aug. Sept. act; Nov. Dec. Average 

78.O”N 315.7 316.4 316.9 317.2 317.2 315.5 309.9 308.0 308.8 311.8 313.7 315.0 313.85 

5O.O”N 314.8 315.7 316. 5 317.1 317.3 315.5 313.0 311.2 310.3 311.9 313.0 313.9 314.2 

40. DON 314. 6 315. 6 316. 5 317.3 317.9 317.1 315.2 312. 6 310. 6 311.7 312. 7 313.7 314. 6 

32. 5”N 314.5 315.4 316.3 317.3 318.0 317.6 316.0 313.7 310.9 311. 5 312.6 315.6 314.8 

27. 5”N 314.4 315.3 316.1 317.1 317.9 317.5 316.3 314.3 311.1 311.4 312. 5 313.5 314.8 

22. 5’N 314.2 315.1 315.9 316. 6 317.2 317.0 316.4 314.8 311.5 311.3 312.3 313.3 314.65 

17. 5“N 314.1 314.9 315. 6 316.2 316.7 316.6 316.3 315.1 312.3 311.3 312.2 313.2 314.55 

12. 5’N 314.3 314.8 315.4 315.9 316.3 316.4 316. 2 315.4 313.7 312.9 313.2 313.8 314.85 

7. 5’N 314. 6 315.0 315.4 315.8 316.1 316.3 316. 1 315.5 314.5 313.9 313.8 314.2 315.1 

2. 5”N 314.8 315.1 315.4 315.7 316.0 316.2 316.0 315. 6 315.0 314.3 314.0 : 314.4 1 315.2 

2. 5% ’ 314.8 315.1 I 315.35 315.6 315.85 316.05 316.0 315. 6 315.0 314.3 314.1 314.4 315.2 

7. 5Yi 314.6 314.9 315.15 315.4 315. 65 315.9 315.9 315. 6 314.9 314.3 314.1 314.3 315.05 

12. 5% 314.3 314.6 314.85 315. 1 315.4 315.7 315.8 315. 55 314.8 314.2 314.0 314.1 314.85 

17. 5*s 313.8 314.1 314.4 314.8 315.2 315. 6 315.7 315.5 314.8 313.7 313.5 313.6 314.55 

30.073 312.7 312.6 312.8 313.9 314.7 315.2 315.4 315.4 314.8 313.8 313.1 312.8 313.95 

50. o”s 312. 7 312.3 312.0 312.8 313. 6 314.0 314.3 314. 5 314.3 313.9 313.5 313.1 313.4 

90.0”s 313.0 312.6 312.4 312.4 312. 5 312.8 313.2 313.4 313. 5 313. 6 313.5 313.3 313.0 

Average 313. 37 314. 67 315. 11 315. 66 316.09 315.94 315. 16 314. 22 312.49 312.43 313. 28 313.89 314. 51 



latitudes of the Northern Hemisphere. This latitudinal variation of annual 
range of CO2 concentration is due to the large amounts of land vegetation in 

the Northern Hemisphere. ln the Northern Hemisphere the maximum CO2 

concentration generally occurs in late spring, and the minimum concentration 
generally occurs in late summer and early fall. 

Since it it located far from industrial and vegetated areas, the South Pole is 
an excellent place to measure CO2 concentrations for the purpose of deducing 

the long term atmospheric CO2 increase due to combustion of fossil fuels on 

a world wide scale. Table 7 shows the results of CO2 concentrations at the 

South Pole during the years 1958, 1960, 1961, 1962, and 1963. These data 
indicate that the mean atmospheric CO2 concentration is rising at a rate of 
0.68 ppm per year. 

Vertical Variations 

The overall vertical variations of CO2 concentration are small except near the 

Earth’s surface. From Figure 11, the maximum CO2 concentration near the 

vegetation surface is about 400 ppm, and the corresponding CO concentration 2 
at 100 m is only 330 ppm, the maximum difference being about 70 ppm. In the 
morning after the convection currents are established, there i s a steady ver- 
tical transfer of CO2 from the surface to higher elevations. This transfer 

diminishes and reaches a nearly steady-state condition in the afternoon, and 
results in a uniform CO2 concentration with height. These results are be- 

lieved to represent the vertical CO2 variations for the planetary boundary 
boundary layer in a vegetation area. 

Observations of the vertical variation of CO2 concentration for other areas 

are available in limited regions of the Earth such as Scandinavia. These 
measurements are usually taken from either aircraft (refs. 43-45) or constant 
level balloons (ref. 47). 

The annual average value of CO2 concentration in Scandinavia from zero to 

three km is shown in Table 8. It can be seen that the CO2 concentration near 

the surface is about 318 ppm, and the concentration decreases sharply to 314 
at 0.4 to 0.6 km. From this level up, the change is rather small. 

According to Bischof (ref. 461, the effects of the surface variation of the CO2 

concentration can extend up to tropopause. The temperature inversion at the 
tropopause tends to suppress any further vertical mixing. These observations 
from jet aircraft at a 10 km level indicate that the concentration in the strato- 
sphere is about four ppm lower than the same height in the troposphere. It is 
important to mention that the observations are made in different locations on a 
flight path between Los Angeles and Scandinavia. Thus, the CO2 concentration 
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TABLE 7. - MONTHLY AVERAGE CONCENTRATION OF ATMOSPHERIC 
CARBON DIOXIDE AT LITTLE AMERICA IN 1958 AND AT 
THE SOUTH POLE IN 1960 THROUGH 1963 

[From ref. 431 

1958 1960 1961 1962 1963 

Concen- Concen- Concen- Concen- 
No. of tration No. of tration No. of tration No. of tration INo 

Month days mm days wm days wm days wm ~ d&s 1 ppm 

I 

January 7 310.86 11 314.70 31 315.23 

February 27 310.77 27 314.48 28 314.97 

March 31 311.05 30 314.26 29 314.57 

April 30 311.35 30 314.31 ia 315.31 

May 30 211.68 4 313.40 13 313. 56 28 314.36 30 315. 64 

June 30 311.86 30 313.08 30 313. 56 20 314.48 25 315.58 

July 31 311.92 10 313. 56 31 313. 64 28 314.48 28 315. 60 

August 30 312. 61 18 313.53 23 314.03 31 314.80 24 315. 64 

September 28 312.90 19 314.34 28 315.21 22 315.74 

October 29 312.81 la 314.96 29 316.01 16 316.30 

November 3 312.25 30 315.07 16 316.23 

December 30 314. a9 31 315.71 

Annual 
Mean 

311. a2 313.39 314. 26 314.92 315.46 



TABLE 8. - THE MEASUREMENT OF CO2 CONCENTRATION IN 
SCANDINAVIA FROM ZERO TO THREE km 

CFrom ref. 441 

Height Number of 
km measurements 

Lower and upper 
limit of CO2 

c oncen- 
tration ppm 

Average of 
all values, 

wm 

0 -0. 2 51 306-340 318 

0. 2-o. 4 31 300-329 316 

0. 4-O. 6 19 305-327 314 

0. 6-O. 8 I 10 304-325 314 

0. 8-l. 0 13 305-322 315 

1. o-1. 2 12 309-320 131 

1. 2-l. 4 5 309-318 312 

1. 4-1. 6 12 309-321 316 

1. 6-l. 8 9 308-319 312 

1. 8-2. 0 4 307-319 315 

2. o-2. 2 7 308-320 314 

2. 2-2. 4 -- B-m --- 

2. 4-2. 6 3 310-319 315 

2. 6-2. 8 4 310-317 312 

218-3.0 6 308-320 315 

1. O-3.0 j 62 307-321 314 

---.... . 



is about 314-315 ppm in the upper troposphere and about 310-311 ppm in the 
lower stratosphere. Also, because of the lack of convection and vertical 
mixing in the stratosphere, the time variation of the CO2 concentration in the 

stratosphere wil be less than in the troposphere. 

Between 15 and 30 km, observations of the CO2 concentration were made from 

constant altitude balloons, and the results were analyzed by Hagemann, Gray, 
Jr., Machta and Turkevich (ref. 47). They conclude that the CO2 concentra- 

tion is about 312, 310, 313, and 319 ppm for the levels 15.5, 20.0, 24. 8, and 
28.0 km, respectively. The standard error of a single observation is about 
from 0.5 to 1.0 percent. The average value for all cases is about 311 ppm 
with an average deviation of less than one percent and a range of f2 percent. 

No measured CO2 concentrations are available above 30 km. One would expect 

the concentration at higher elevations to be about the same as the value observed 
at 20 km. 

Another aspect of the problem is the possible dissociation of the CO2 molecule 

by ultraviolet radiation at 16OO”A. Bates and Witherspoon (ref. 48) have con- 
sidered this problem theoretically. Their calculations indicate that the life- 
time of the CO2 molecule is extremely long at 90 km, which suggests that 

dissociation effects are not important at this level. Above 90 km, the proba- 
bility of dissociation increases with height. On the basis of these findings, 
the possible dissociation of the CO2 molecule can be neglected in the horizon 
radiance problem. 

Based on the results in preceding paragraphs a standard atmosphere profile 
of CO2 concentration is constructed and is shown in Figure 22. The CO2 

concentration decreases somewhat from the surface up to 1 km level. The 
vertical variation in the troposphere and stratosphere are relatively small. 
Near the tropopause, which we assume is at 10 km, there is another small 
decrease of CO2 concentration. 

If we assume that the value of the CO2 concentration at five km, 314 ppm, is 

representative of the average for the whole atmosphere, then the concentration 
at 0.1 km is about 2.2 percent higher than the average and the concentration 
at 30 km is about 1.0 percent lower than the average. A reasonable estimate 
of the average vertical variation of the CO2 concentration about the mean value 
is approximately *l percent. 

Estimates of the average deviation of CO2 concentration about the mean values 

are also indicated in Figure 22. The average deviations in the stratosphere 
are based upon the observations of Hagemann, Gray Jr., Machta, and Turkevich 
(ref. 47), The average deviations for the troposphere are based upon a gross 
interpretation of the values presented in previous sections of this report. 
Above a height of one km, 
than f3 percent. 

the average deviation of CO2 concentration is less 
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Figure 22. Estimated Mean CO2 Concentration and Average 
Devialion Concentration as a Function of Height 
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Between 15 and 30 km, observations of the CO2 concentration were made 
from constant altitude balloons, and the results were analyzed by Hagemann, 
Gray, Jr., Machta and Turkevich(cef. 47). They conclude that the CO2 concen- 
tration is about 312, 310, 313, and 310 ppm for the levels 15. 5, 20.0, 24. 8, 
and 28.0 km, respectively. The standard error of a single observation is 
about from 0.5 to 1.0 percent. The average value for all cases is about 
311 ppm with an average deviation of less than one percent and a range of 
f2 percent. 

No measured CO2 concentrations are available above 30 km. One would 
expect the concentration at higher elevations to be about the same as the 
value observed at 20 km. 

Another aspect of the problem is the possible dissociation of the CO2 
molecule by ultraviolet radiation at 1600%. Bates and Witherspoon (ref. 48) 
have considered this problem theoretically. Their calculations indicate 
that the lifetime of the CO2 molecule is extremely long at 90 km, which 
suggests that dissociation effects are not important at this level. Above 90 
km, the probability of dissociation increases with height. On the basis of 
these findings, the possible dissociation of the CO2 molecule can be neglected 
in the horizon radiance problem. 

Based on the results in preceding paragraphs a standard atmosphere profile 
of CO2 concentration is constructed and is shown in Figure 22. The CO2 
concentration decreases somewhat from the surface up to 1 km level. The 
vertical variation in the troposphere and stratosphere are relatively small. 
Near the tropopause, which we assume is at 10 km, there is another small 
decrease of CO2 concentration. 

If we assume that the value of the CO concentration at five km, 314 ppm, 
is representative of the average for t % e whole atmosphere, then the concen- 
tration at 0.1 km is about 2.2 percent higher than the average and the con- 
centration at 30 km is about 1.0 percent lower than the average. A reason- 
able estimate of the average vertical variation of the CO2 concentration about 
the mean value is approximately fl percent. 

Estimates of the average deviation of CO2 concentration about the mean 
values are also indicated in Figure 22. The average deviations in the 
stratosphere are based upon the observations of Hagemann, Gray, Jr., Machta 
and Turkevich (ref. 47). The average deviations for the troposphere are based, 
upon a gross interpretation of the values presented in previous sections of this 
report. Above a height of one km, the average deviation of CO2 concentration 
is less than f3 percent. 
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HORIZON RADIANCE COMPUTATION 

INTRODUCTION 

This section compares the background work of various investigators relative 
to the computation of horizon radiance in the 15 micron band of carbon dioxide. 
The problem is to derive theoretical radiance profiles of radiance versus tan- 
gent height of the ray or of nadir angle at the sensor. The methods by which 
the radiative transfer equation is applied to the 15 micron spectral region for 
different atmospheric conditions will be considered. Finally, the resulting 
profiles will be compared in terms of data inputs and assumptions. 

Infrared radiance emitted by the Earth and atmosphere varies spectrally and 
with tangent height depending on the absorbing properties of the atmospheric 
gases and on the temperature and pressure distribution. We are concerned 
with the infrared radiance in the 15 micron carbon dioxide band that is emitted 
nearly horizontally, the so-called “horizon radiance”. Previous studies of 
the infrared horizon radiance were based on results of theoretical calculations 
which utilized atmospheric models to compute the emitted radiance. 

THE RADIATIVE TRANSFER EQUATION 

Radiant energy emitted by the Earth and atmosphere in the carbon dioxide 
band can be expressed by the following integral equation called the radiation 
transfer equation: 

I(h) = - oJ,(T) d7 v dv + Jvo (To) 7 v. du 
(5) 

where I(h) is the radiance for a given tangent height h, v is the wave- 
number, v1 and v2 are the spectral limits of interest, Jv(T) is the spec- 

tral source function at temperature T, TV is the spectral transmittance 

for carbon dioxide, and the subscript o is the Earth’s surface or the sur- 
face of an opaque cloud. 

The equation lends itself to an immediate interpretation. The double integral 
is the radiant energy emitted by the atmosphere, and the single integral is 
the radiant energy emitted by the Earth’s surface that is ultimately trans- 
mitted to the top of the atmosphere. 
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PATH OF INTEGRATION 

In Figure 23, the integration is carried out as a line integral along an optical 
path, s. The radiative transfer equation, as stated above, corresponds to the 
optical path, s, that passes through the atmosphere and ultimately terminates 
at the Earth’s surface. That is, the tangent height is negative or zero. For 
positive tangent heights, the optical path passes completely through the atmos- 
phere, from outside to interior to outside. In this case, only the atmospheric 
emission integral in the radiative transfer equation applies to the problem, and 
the surface emission term is zero. 

Sensor Altitude 

The altitude of the sensor, presumed to be on a satellite above the atmos- 
phere, determines the relationship between tangent height and nadir angle of 
view at the sensor. Both quantities have been used as independent variables 
to define horizon radiance profiles. For parallel radiation to the sensor 
(see Reference 49 for details), the tangent height is used exclusively as the 
independent variable. The height of the sensing satellite was chosen at 160 
km ( ref. 49), 300 km (ref. 50), 370 km ( ref. 51), and over the range, 75 
km to 40 000 km (ref. 52). These height differences have very little effect 
on the radiance profile as a function of tangent height in general, and no 
effect if the atmosphere is horizontally homogeneous. 

Refraction 

Refraction causes the optical path to curve (Figure 23). True tangent height 
is the lowest altitude of the actual ray. Apparent tangent height is defined 
as the altitude of the lowest point of a straight ray reaching the sensor at the 
same nadir angle as the actual curved ray. In the derivation of the optical 
path, refraction was considered by a number of previous investigators (refs. 
52 through 55). Maximum refraction is about one degree for a ray passing 
through the atmosphere twice at a tangent height of zero (refs. 53 and 54). 
It was noted that, since refraction decreases with increasing tangent height, 
refraction steepens the radiance profile expressed in terms of apparent 
nadir angle because of the smaller nadir angle change per unit tangent height 
change. Wark, Alishouse, and Yamamoto (ref. 55) found that the refraction 
effect is not as large as effects arising from differences in the assumptions 
of gas transmissivities or differences in techniques of calculation. Since the 
15 micron radiance profile is st eepest at large tangent heights, the re- 
fraction effect is insignificant there. Refraction was ignored in some pre- 
vious works ( refs. 50, 56,and 57). A justification for this by Hanel, Bandeen, 
and Conrath ( ref. 56) was that refraction has no effect on horizon sensing be- 
cause of the circular symmetry of its angular lifting of the apparent horizon. 
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Figure 23. Schematic Diagram of Atmospheric Model for the 
Computation of the Radiance Profile I (L) 
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To account for refraction, Wark, et al., (ref. 55) used the refractive index as 
a function of elevation and assumed that its spectral dependence was small 
enough to be ignored. The index increases linearly with the air density. To 
obtain density versus height, McArthur ( ref; 58) used profiles of model 
atmospheres by Cole, Kantor, and Court ( ref. 59). Reference used a formula 
for density as an exponential function of height derived from the hydrostatic 
equation and the equation of state for ideal gases, an approximation for air. 
Some investigators, such as Duncan, et al., ( ref. 53), computed the density 
as a function of height by applying the equation of state to temperature and 
pressure values from profiles of these variables in terms of height. These 
profiles were’from the same model atmospheres used by Oppel and Pearson 
( ref. 54), the pressure profile being expressed by an exponential function of 
height. 

EMISSION (SOURCE FUNCTION) 

In the radiative transfer equation, J (T) is the radiant energy of emittance 
per unit wave number. Its value depznds on whether the carbon dioxide mole- 
cules undergo sufficient collisions to maintain local thermodynamic equili- 
brium or whether the molecules are excited purely by radiative absorption. 

Local Thermodynamic Equilibrium (Blackbody Emission) 

This equilibrium is assumed to be valid in most studies. Assuming this, 
emission is represented by the Planck function, expressing radiance of a 
black body in terms of wavelength and temperature (refs. 50, 52, 53, 56, 58, 
and 60). 

Emission of the atmosphere, expressed in the first term of the radiative 
transfer equation, is a particularly sensitive function of temperature. Tem- 
perature affects the horizon radiance profile more through the emission than 
through the curvature of the refracted path or the spectral line widths in the 
transmission. Simple assumptions were made of just one atmospheric tem- 
perature ( ref. 51) and two temperatures ( ref. 52). Observed temperature 
soundings were used by Kondratiev and Yakushevskaya ( ref. 50); the latter 
obtained their data from. London ( ref. 61) and Murgatroyd (‘ref. 62). Most 
of the investigators (refs. 53 through 56, 60 and 63), used model atmospheres. 
Burn (ref. 64 .) noted that, with the exception of the ARDC IModel Atmosphere, 
different investigators used different temperature profiles even though the 
corresponding model atmospheres were similar. Wark, et al. , assumed for 
their models that temperature varied with height only in a horizontally 
homogeneous atmosphere. 

Emission at the surface of the Earth or an opaque cloud surface contribute 
to the radiance at the satellite (given by the second term in the radiative 
transfer equation) only where the ray intercepts that surface. As noted by 
Woestman ( ref. 51), there is such a contribution only if, in addition, the 
atmospheric transmissivity has not decreased to zero where the path reaches 
the opaque surface. In practice, near 15 microns (Hanel, et al., (ref. 56) zero 
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transmissivity is reached along the ray at an altitude above the opaque sur- 
face. Consequently, the second term of the radiative transfer equation is 
always counted as zero for the 15 micron spectral region, even though the 
term is included in an analyses computer program (ref. 49). Thus, tempera- 
ture contrasts between the air and the Earth’s surface have little or no effect 
on the horizon radiance profiles. Kondratiev and Yakushevskaya (ref. 60) 
tried models with contrasts of f5, 3110, and f150 degrees and Woestman 
(ref. 45) hypothesized (ref. 60) a contrast of 71” C. 

Absence of Local Thermodynamic Non Equilibrium 

Absence of local thermodynamic equilibrium was considered in the calcula- 
tions ( refb 49) based on those of Curtis and Goody (ref. 65), and Young 
(ref. 66). This assumption is necessary (ref. 49) to compute the infrared 
horizon radiance for tenuous regions of the atmosphere above 60 km. Thermo- 
dynamic equilibrium prevails in the atmosphere where vibrational (and 
rotational) energy levels of the gas molecule remain populated according to a 
Boltzmann distribution determined by the local kimetic temperature. This is 
possible only if the collisions are frequent enough to maintain such a distribu- 
tion regardless of the radiative processes. The time required to establish 
a Boltzmann distribution by collisions is called the relaxation time and is 
inversely proportional to atmospheric pressure. If the relaxation time is 
long - as in the upper atmosphere, where collisions are infrequent because 
of low pressures - a Boltzmann distribution cannot be maintained. Under 
these conditions, when a photon is absorbed by a molecule, it will be re- 
emitted (scattered) without passing into the kinetic energy of translation, and 
a state of absence of local thermodynamic equilibrium prevails. At these 
levels, the source function must be calculated from considerations of mole- 
cular collisions and radiative transitions. 

Curtis and Goody (ref. 65) showed that the appropriate source function for 
the combined effect of collisional and radiative excitation has the form, 

Jv = &Bv+ A Fva Em 

where 

F,, = f dc xdv r-Xv Iv .- -. -. 
4n Sdv I-& (7) 

and 13= 0. 41 seconds, the radiative lifetime of the 15 micron vibration 

band of C02; h, the vibrational relaxation time, is 2*:/Z; 23 is between lo3 

and 106, the required number of collisions; Z is the number of collisions per 
second; FV is the source function for incoherent scattering; Iv is the external 

radiance incident on the source point; n is the CO2 number density at that 

altitude; Kv is the absorption coefficient per molecule; and de is a small 

incremental solid angle. 
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There is uncertainty about the exact dependence of J 
V’ 

which depends on the 

uncertain measurements of Z* and the difficult and uncertain calculations of 

FV- 

TRANSMISSIVITY MODELS AND SOURCES OF DATA 
(15 MICRON REGION) 

Carbon Dioxide 

The other key parameter besides the source function in determining the rad- 
iance profile is the absorptivity (or transmissivity) as a function of an optical 
path variable (u) and of the spectral absorption coefficient k(v, T), a function 
of the molecule. In practice, ,a spectral band of finite spectral width (Av) is 
considered with an averaged kAv (T), depending on the particular band under 
consideration. 

In general, for turbid atmospheres at low altitudes, and in an atmospheric 
window at shorter wavelengths than 10 microns, there might be an important 
contribution to the transmissivity due to scattering of radiation by molecules 
(Rayleigh) and aerosols (Mie). But at 14-16 microns, where the atmosphere 
is nearly opaque for a path from infinity to 10 km, due to the intense CO2 ab- 

sorptivity, the scattering component is negligible compared to the absorptivity 
( ref. 67). Most authors treat the 14-16 micron region as if the only absorb- 
ing species were carbon dioxide; we shall, therefore, concentrate on the treat- 
ment of CO2 transmissivities, reserving a discussion of the treatment of O3 

and H 2 0 to a later section. 

For a homogeneous path, the absorption A, or the transmission, 7 = l-A, 
is a function of the pressure P, the temperature T, and optical cross sec- 
tion (or “path”) U = ns, where n is the molecular number density of the ab- 
sorbing species, and s the physical path length. The practical unit of U, 

atm-cm, is obtained by dividing the rational unit, molecules/cm2, by 

Loschmidt’s number, Lo = 2. 687 x 10 19 molecules/cc of gas at Standard 

Temperature and Pressure (STP). By use of the Gas Law, n = mP/kT, 
where k is the Boltzmann constant and m is the CO2 mixing ratio, the 

absorption is reduced to a function of three path variables, (P, T, U) be- 
sides k,.(T). 

For an inhomogeneous path, 
homogeneous” Ue, Pe, 

it has become customary to define an “effective 
Te as integrals over the entire path: 

ue = Jn ds or (dU, = n ds) (8) 

pe = Ue-’ fP dUe (9) 

Te 
= ue-l .fT due (10) 
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Spectral line strengths and absorption coefficients for CO . -- The intense 

band of spectral absorption in air in the 14-16 micron region is predominantly 
due to the fundamental bending vibration-rotations of the linear (O-C-O) mole- 
cule. Molecular mechanics and line strengths (or intensities), and positions 
within this band, are treated in some detail in the works of previous investi- 
gators ( refs. 64 and 68 through 72). Table 9 lists the relative abundances of 
the eight isotopes of CO2 and the relative intensities of the 15 strongest vibra- 

tions which each isotope undergoes. Listings of individual line strengths in 
order of wavenumber are also given by the above references. Figure 24 is 
an illustration of the distribution of these line strengths (S = J kd v ) within 
the spectral region. Each vibration contains a P, Q, and R branch correspond- 
ing to the rotational transitions AJ = 1, 0, and -1. For the principal vibra- 

tional transition (Ol’O-00’0) only, the temperature dependence of line strength 
is illustrated, which will later be of interest. Thus the entire region contains 

about 5000 lines, including those more than 10 -5 of the largest intensity, 
which may be classified into three rotational branches in 15 vibrations, in 
eight isotopes. 

The spectral absorption coefficient resulting from each line is broadened by 
a combination of Doppler and collisional (Lorentz) broadening. Since the 

total Doppler width (between half maxima) is about 0.0011 cm -1 at 300” K, a 
high resolution treatment of the spectral absorption coefficient would require 
integration over more than 100 000 spectral intervals to cover the band range 

-1 of 600 to 725 cm . For computational convenience, some form of low 
resolution treatment, resulting from theoretical band models or experimental 
data at low resolution, is required, and this approach is taken by all investi- 
gators. 

The effect of pressure on the transmissivity. -- In general the trans- 
missivity or the absorptivity is a function of (v, U, P, T). Computational 
convenience and speed dictate that the reduction of the number of variables 
be from four to two or one. The pressure effect shall be discussed first. 
It has already been seen that U is proportional to the molecular density of 
co29 which is proportional to P/T, by use of the Gas Law. A further 

pressure effect ensues as a result of collision broadening of the line shape. 
The well-known Lorentz formula for the absorption coefficient contribution 
from a single line “i” is 

Ki(v) = 
si cYi 

n CtV-vi)2 + Qi2] 
-1 (11) 

where S i is the strength of the line, and ai is the half-width at half-maxi- 

mum. Further, the half-width is proportional to the collision rate, which is 
proportional to the pressure divided by square root temperature, 
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TABLE 9. - ISOTOPE CONCENTRATIONS AND BAND INTENSITIES 
ON THE 15 MICR.ON CARBON DIOXIDE BAND 

Isotope Relative C 0 0 abundance ! Percent 

12 16 16 1 1.00 98.4 

13 16 18 

12 16 18 

12 16 17 

13 16 18 

13 16 17 

12 18 18 

12 17 18 

1.12 x 1o-2 1.10 

4.0x 10 
-3 

0.4 

8.0 x 1O-4 0.08 

4.5 x 1o-5 4.4 x 1o-3 

8.9 x lo+ 8.7 x 1O-4 

4.1 x 1.0 
-6 4.0 x 1o-4 

1.6 x 1O-6 1.5 x 1o-4 

[From Sasamori (19 5911 

Lower level 

v II v 11 L” 1 2 V3” 

0 o” 0 

0 11 0 

0 l1 0 

0 l1 0 

0 2O 0 

0 z” 0 

0 z2 0 

0 z2 0 

0 z2 0 

1 o” 0 

0 33 0 

0 33 0 

0 3l 0 

0 3l 0 

0 44 0 

Upper level Band -2 
L” center cl2 O’R band intensities, cm atm-l. 

vp2” v3” cm -1 
300°K 265°K 240DK 218OK 

r 

0 l1 0 667.40 212 221.8 227.5 231.8 

0 2O 0 618.03 4.7 3.21 2.27 1.55 

1 o” 0 120.83 6.2 4.19 2.97 2.02 

0 22 0 667.76 16.6 11.3 7.97 5.43 

0 3l 0 647.02 1.13 0.51 0.261 0.122 

1 11 0 791.48 0.022 0.010 0.0051 0.0024 

0 3l 0 597.29 0.157 0.071 0.34 0.0155 

1 l1 0 741.75 0.14 0.063 0.030 0.0136 

0 33 0 668.3 0.85 0.38 0.16 0. 083 

0 3l 0 544.26 0.0044 0.0019 0.00091 0.00040 

0 42 0 581.2 0.0042 0.0012 0.00041 0.00013 

1 22 0 756.75 0.0059 0.0017 0.00057 0.00017 

1 z2 0 828.18 0.00049 0.00015 0.000051 0.000016 

1 2O 0 740.5 0.014 0.0043 0.0015 0.00046 

1 33 0 769.5 0.0004 0.00008 0.000016 0.0000024 

Total intensity 241.8 241.5 241.2 241.0 

Qv 1.0886 1.0562 1.0379 1.0250 
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CY = CY p To 
Opo J-- T (12) 

where a is the half-width at some standard pressure and temperature, 

UsuOally all the lines in a band have about the same half-width. 

P 
0’ 

TO’ 

The most generally accepted experimental value for the reference line half- 
width in the 15 micron, CO2 band is that determined by Kaplan-Eggers ( ref. 

27), Q 0 
= 0.064 cm at PO = 1 atm, To = 298’K. 

If the dominant lines contributing to the absorption are sufficiently strong that 

the absorption coefficient at line peak (Si/rrd) is much greater than U-1, then 

it can be shown that the average effective absorption coefficient k (Av, T) over 
a spectral interval Av containing a number of strong lines is proportional to 

(au), thus to (UP/ fi), or to P2/T3’2 ). This 7 (UP) rule was first stated 
by Elsasser ( r.ef. 75), and the theoretical justification was discussed in 
more detail by Plass ( r.ef. 76). 

The pressure effect and the 7(UP) rule are illustrated in Figure 25 by the 

transmissivity data for 300’K averaged over 675-700 cm -1 assembled by 
Wark and Alishouse (privately communicated) from the work of Yamamoto 
and Sasamori ( ref. 68). For U/P >> 1 cm, the transmissivity tends in the 
limit to a function of the single variable, UP. In this region the absorptivity 
at the line peaks is saturated (totally absorbing). In the opposite limit, U/P 
>> 1 cm, the transmissivity is a function of U alone, independent of P. Here 
the lines are greatly pressure broadened and overlapping, and the peaks are 
unsaturated. 

Figure 25 also shows the range of (U, P) values covered by optical paths 
which orginate totally outside the atmosphere and then pass through some 
part of the atmosphere for different paths ranging from vertical paths to 
horizontal paths at various tangent heights. These paths lie wholly within 

the range of validity of 7(UP), with U/P = lo3 to lo4 cm. Therefore, for 
this class of path, the transmissivity may be treated as a one-dimensional 
function of UP, with considerable saving in computational effort. This rule 
can be shown to be the theoretical justification for the use of Equation (9) 
for the pressure weighting is an inhomogenous path. 

The effect of temperature on the transmissivity. -- Temperature effect 
has been treated in detail by Sasamori ( ref. 70). It has been shown that the 
effect of Lorentz broadening can be compensated by adjusting the optical path 
variable to an “effective” 

u+ = u (e> (q -1’2 (13) 
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IIJ addition, the temperature affects the absorption coefficient of the molecule 
(k), which in all models is proportional to the effective line strengths in the 
spectral region. This is illustrated in Figure 24 and Table 9. 

The effect of temperature on the line strength for an equilibrium system de- 
pends on the variation of the Boltzmann distribution of molecules in energy 
levels involved in the line transition. 
written as 

Theoretically the line strength can be 

E El 

S(T)‘= (NU- N1 ) AU1 = N&-l. e 
-2 _ .-%f+ AU1 

> 
(14) 

where u, 1 are the upper, lower states of the transition, AU1 is the 

transition probability, which is independent of temperature, N is the mole- 
cular density, E is the energy of the level, k is Boltzmann’s constant, and 
Q(T) is the partition function. 

Thus, the temperature effect varies the absorption coefficient in a nonlinear 
fashion and is somewhat difficult to treat with general rigor. Figure 24 shows 
that even the sign of the effect can vary with wave number. As a practical 
matter, atmospheric temperatures range from about 200 to 300”K, and 
Sasamori and others have found that it is adequate to treat this temperature 
effect by a linear variation about a normalized mean temperature, say 

TO 
= 250”K, 

or 

I&, T) = I& TU)(T/To) Y,(“) (15) 

i;(,,, T) = I.+, To)C l+y ,(v) (T-To/To + . . . 11 (16) 

where 

(17) 

Thus, in summary, by combining Equations (13) and (15)’ the transmissivity 
or the absorptivity for narrow spectral intervals in the 14- 16 micron spectral 
region due to carbon dioxide in the 200-300°K temperature region for any pres- 
sure, if U >> P, can be written as a function of the single variable 

-fl + y2 
k;: U* = ii0 u PO (T/To) (18) 

Theory indicates that p = 1 and Y 1 = -l/2, and both are independent of wave- 

number. However, for generality, these are left to be determined by optimum 
curve fitting techniques from exp_erimental or theoretical transmissivity data. 
The undetermined “constants”, k. and y 2, are expected theoretically to 

vary significantly with wavenumber. 
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Sources of transmissivity data for carbon dioxide (14-16 microns). -- It 
has now been demonstrated that transmissivity should be approximately re- 
presented by a universal function of a single variable. It remains to deter- 
mine the shape of this function and to test these conclusions with transmis- 
sivity data for carbon dioxide in the 14-16 micron spectral region. Data may 
be obtained from experimental measurements at resolutions of the order of 

5 to 10 cm -1 or they may be computed by means of theoretical absorption 
models and the use of spectroscopic constants, which are usually themselves 
reduced from the experimental spectroscopic data. 

The most generally accepted source for experimental data covering a wide 
range of the independent variables U, P is from the work done at Ohio State 
University by Howard, Burch, Williams, Gryvnak, Singleton, and France 
( refs. 77 and 78). Many spectral transmissivity curves in the ranges P = 
0.002 to four atm and U = 0. 002 to 3000 atm-cm are published. Most of the 
data are taken at ambient laboratory temperatures with a few additional runs 
at temperatures up to 65O C. 

The exact shape of the function A(k*U+) depends on the arrangement of line 
positions and intensities within the interval. A number of theoretical band 
models have been developed for a variety of arrangements. The Elsasser 
regular band model would appear to be most nearly similar to the actual 
arrangement in the carbon dioxide bands (see Figure 24). The Elsasser 
model assumes a set of lines of uniform intensity (S) and uniform spectral 
spacing (6). Then, the absorption in the strong line region (SU >> TTCU) is 
given by 

A = erf (2rr s” Oc ) 
112 

e2 
(19) 

Thus in terms of the Equation(18) 

i;O 
= [.zrr]; p = 1, y1 = -l/2 

ti2 

and y2 may be determined from Equation(17) fromdata on line strength 

versus temperature which was published by Yamamoto and Sasamori and 
Young (ref. 66). 

Yamamoto and Sasamori (r.efs. 68 and 69) used the Elsasser theory to com- 
pute the transmissivity of carbon dioxide from 550 to 830 wave numbers, 

from U = 10 -3 to lo4 atm-cm, P = 10-3 to 1 atm, and at T = 218, 240, 265, 
and 300’K. They used a model due to Kaplan (ref. 79) sometimes called the 
Random Elsasser Model, to combine the effects of several individual Elsasser. 
bands in a single spectral region. 
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Stull, Wyatt and Plass (r.efs. 71 and 72)’ and Drayson (.r.ef. 80), have used 
the Quasi-Random Model of Wyatt, Stull and Plass (ref. 81) to compute and 
publish extensive tables of transmissivity data over ranges of U, P, T similar 
to those of Yamamoto and Sasamori. This model is too involved to discuss 
here, and the reader is referred to the above references. In addition, Plass 
(ref. 82) has extended these calculations to slant paths in the atmosphere; 
some cases extend as high as 50 km. This is apparently the only source of 

data for effective pressures as low as 3. 7 x 10 -4 
atm., except by extrapola- 

tion from higher pressures (e. g. , by the method illustrated in Figure 25). 

These sources of extensive data are,in reasonable agreement with each 
other, considering the different methods by which they were obtained. 

Carpenter, House, and Mariano (r.ef. 49) have subjected both the homogeneous 
and slant path data of Plass (ref. 82) to an empirical curve fitting computation 
to accurately determine the best mean square coefficients in the following 
form: 

In (-ln 7) = Co+Clx+AlAT+C2x2 

+ B1 x AT + A2 AT2 + C3 x3 (20) 

+ B2 x AT2 

where 
X = loge (UP) 

AT = T - 250°K 

AT2 = T2 - (250)2. 

Values of the derived coefficients are shown in Table 2 for 10 different spec- 
tral intervals. The quadratic and cubic terms are not exactly consistent 
with Equation (18)’ but these coefficients are very small and can be 
neglected. Cl is found to be nearly l/2 in all 10 spectral intervals. By 

comparing Equations (19) and (20) in the region x << 1, it can be shown that 
kor can be derived from Co, Al as follows: 

k. (v) = 4 3L e2co (21) 
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y (u) = y2 - $ = 250 Al 
(22) 

These are also listed in Table 10, and it is seen that they do vary significantly 
with wave number. k. is the value of the effective absorption coefficient k::: 

at 250” C. y2 is consistent with the averaged thermal derivative of the line 

strength, as noted by comparing Equation (17) with Figure 24. Equation (18) 
matched to the Plass points at k* u* < < 1 does not fit as well as the empirical 
form. 

In (-In 7) = 0. 076 + l/2 loge (k~:U+) (23) 

which gives a reasonable approximation to the data for all v, U, P, T, if 
used with the values of ko, y listed in Table 10. 

The effect of Doppler broadening. -- Doppler broadening of spectrum 
lines results from the Doppler shift in absorption frequencies due to the 
thermal velocity of the molecules; thus, the Doppler line width is proportional 
to the square root of temperature, but is independent of pressure. At about 
33 km, or at a pressure of about 0.07 atm, the Doppler half width (A v,) 

equals the Lorentz half width (Av,) for the 15 micron CO2 band. At higher 

altitudes the absorption line spectral profile has a mixed Doppler-Lorentz 

line shape and a half width of about Avp = 0.00056 cm -1 . 

Plass and Five1 (,16ef. 84) and others have pointed out that this has the effect 
of producing a positive inflection on the experimental absorption curve of 
growth. There are no experimental data on the required low pressure and 
extremely long optical paths. 

The data discussed in previous sections cover this range of U, P only by 
theoretical extrapolation, based on a pure Lorentz line shape. Unfortunately, 
the Doppler correction destroys the one-dimensional (UP) simplicity of the 
previous treatment. 

Carpenter, House, and Mariano (ref. 49) have developed an approximate 
method for providing a Doppler correction to a transmission estimate from 
pure Lorentz data. The corrected transmission is written 

s3 

7 car = FL 1-k 
c A W(S) 

% I 

(24) 
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i 
Av 

' 600-615 

615-625 

625-635 
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where TL is the extrapolation from Lorentz data and AW is the difference 

in “equivalent width (Ref. 85) for a single line of Lorentz or mixed shape. 

Beyond the strength limits Sl = 4 Av,/U and S8 = AvD ‘/UAvLs this differ- 

ence vanishes. This difference was calculated as a function of (v, U, T) 

for the case P = 104U, which corresponds to points on horizon rays (see 
Figure 25). The sum was executed over the line strength data listed by Stull, 
Wyatt, and Plass ( ref. 71). The results show that the Doppler correction 
adds about one or two percent to the absorptivity between about 45 and 65 km. 

Ozone and water vapor effects. -- The strong v2 fundamental vibration 

of CO is the dominant atmospheric absorber and emitter in the 14-16 micron 2 
region. There are, however, weak absorptions due to the wing of the H20 

rotational band and a weak ozone band centered at 710 cm -1 . The order of 
magnitude of these effects is illustrated in Figure 26 by the data of Elsasser 
and Culbertson ( ref. 86), showing the smoothed (or low resolution) “general- 
ized” spectral absorption coefficient (kg:) of C02, H20 and 08. 

The net spectral transmission for a mixture of these three gases is obtained 
from the product of the contribution for each species, 

7 = 7c!02 * ‘H20 ’ ‘02 l 
(25) 

Justification for this rule requires only that the statistical line positions 
between species be randomly correlated. 

A discussion of computations of absorptivity and the radiance of horizon 

paths for a variety of spectral bands in the 600 to 725 cm -1 region is given 
in Reference 49. The results indicate that, for practical purposes, ozone 

and water vapor effects are negligible when the entire 600 to 725 cm -1 region 
is considered as a single interval. 

FORMULATION AND METHOD OF SOLUTION OF 
RADIATIVE TRANSFER EQUATION 

ASSUMPTIONS 

Limits of Spectral Intervals 

This topic includes the extreme limits of the entire spectral interval of mea- 
surement plus the division of this interval into smaller spectral subintervals 
for the purpose of numerical integration of the radiative transfer equation. 
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Because of the large variability of transmissivity with wavelength, or wave 
number, the characteristics of the computed horizon radiance profiles are 
strongly dependent on both the width of the overall spectral interval and its 
resolution into subintervdls. 

Some very broad infrared spectral intervals were considered by Duncan, 
et al, (ref. 53) (5-40 microns), WexIer and Brooks (ref. 52) (8-30 microns), 
and Wark, et al., (ref. 55) (7. 7-16. 7 microns), but they do not represent the 
15 ,nicron carbon dioxide absorption band because they include the atmosphere 
transmission window near 10 microns. Many investigators ( refs. 50, 51, 60, 
80, and 83) worked with the narrower range of 1.2-18 microns, centered at 
15 microns. Even though this range does not include the atmospheric window, 
Kondratiev and Yakushevskaya (ref. 50) found variations of horizon radiance 
with temperature changes in the troposphere. Earle (ref. 87) found that 
this variability occurred in the right and left subintervals, 12. 30-14. 80 
microns and 16.0-18. 2 microns, of the 12. 30- 18. 20 micron interval, and 
that the 14. 29-16.0 micron radiance profile was much less variable with 
climatological differences. Similarly, Honeywell (ref. 49) showed less 
variability in radiance for the total of eight subintervals, encompassing 

wave numbers 615-715 cm-l (13.99-16. 26 microns), than when one sub- 
interval was added at each end to make a total of 10 subintervals, 600-725 

cm-l (13. 79-16. 67 microns). 

Their subintervals varied in spectral width from 5 to 15 cm -I (0. 1 to 0.4 
microns). Most investigators obtained a spectral resolution for their 
radiance profiles corresponding to subintervals of one micron or less. 
Duncan, et al,,(ref. 53) divided the 5-40 micron range into 110 subintervals; 
McArthur ( ref. 58) had a spectral width of 0. 7 microns in the 14. 8-l 5. 5 
micron intervdl; Hanel, et al,(ref. 56) had subintervdls of 0. 5 to 1 micron; 

and Wark, et al., (ref. 55) used 77 subintervals, most of them 25 cm -1 wide. 
The best resolution was obtained by Drayson (ref. 80), who broke the spec- 

trum into 0. 1 cm-l (about 2 x 10D3 microns) subintervals. In the carbon 

dioxide 15 micron band, he considered very small subintervals of 0.001 cm-1 

(about 2 x 10 -5 microns) to allow for the variation of transmissivity across 
a spectral line. It is impractical to utilize such fine resolution over the 
entire 15 micron carbon dioxide band. Honeywell (ref. 49) stated that the 

number of spectraI subintervals of width 0.0006 cm -1 required to cover the 

600-750 cm” (13. 33-16. 67 micron) intervdl would be 250 000. 

Curvature of Earth’s Surface and Atmosphere 

The geometric curvature of the Earth and any surface of constant height in 
the atmosphere nearly always exceeds the refractive curvatures of infrared ray 
oaths. Consequently, it is more important to include geometric curvature than 
refraction effects in horizon radiance calculations. A curved 
phere were incorporated in the models of most investigators. 

Earth and atmos- 
However, 
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Drayson ( ref: 80) and McArthur ( ref. 58) assumed plane parallel 
stratified atmospheres to fix the direction of the height coordinate in order 
to simplify the mathematical formulation of slant transmission. Wark, et al., 
( ref. 55) showed that exact radiance values at the Earth’s limb are only about 
1 percent more precise than an extrapolation from the smaller zenith angles 
where the plane parallel approximation is valid. 

Division of Atmosphere into Layers 

Levels are defined in the atmosphere to allow the integrals in the radiative 
transfer equation to be changed to finite summations with definite limits. This 
simplification is done for convenience, since the source function is not written 
as an analytical function of transmissivity, the variable of integration. 

Kondratiev and Yakushevskaya ( ref. 50) selected pressure intervals of 100 
mb from the 1000 mb level (near sea level) to the 100 mb level (about 16 km) 
and then chose the 50, 25, 15, 10 and 5 mb levels (about 20, 25, 28, 31, and 
36 km, respectively). The corresponding height intervals were about one 
km for heights below the 600 mb level (about 4 km), and varied from l-l /2 
to about 5 km for greater heights. They found that when they doubled the 
number of altitude intervals, the resulting radiance values changed by not 
more than l-3 percent. The finest spacings were used by Woestman (ref. 
51) and Hanel, et al., (ref. 56), who chose height intervals of 0. 1 and 0. 05 
km, respectively. 

The number of height intervals used by different investigators varied con- 
siderably. Wexler and Brooks (ref. 52), McGee (ref. 63), Duncan, et al., 
( ref. 53), and Wark, et al., (ref. 55) selected 3, 9, 34, 80, and 200 levels, 
respectively. Honeywell ( ref. 49) concluded that 60-70 levels are sufficient 
to get good results. 

The greatest chosen height varied likewise. Kondratiev and Yakushevskaya 
( ref. 50) selected their maximum height at the five mb level (about 36 km). 
Wark, et al., (ref. 55) went up to the 0. 1 mb level (about 64 km). Hanel, 
et al., (ref. 56) and Honeywell (refs. 11 and 49) went even higher, up to 70 
and 90 km, respectively. 

TECHNIQUE ECR EVALUATION OF RADIANCE 

In the radiative transfer equation, the source function is known in terms of 
atmospheric temperature rather than transmissivity, the variable of integra- 
tion. Since transmissivity for a spectral interval can be found as a function of 
temperature on a slant path, it is possible to change the variable of integration 
to temperature before performing the integration ( ref. 55). Whether or not 
this transformation is made, the radiance results are inexact due to the use 
of different approximate methods of summation ( ref. 64). However, the 
errors are not as great as would result from the omission of thin or scat- 
tered clouds in clear or opaque cloud models (ref. 55). 
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The radiative transfer equation was integrated numerically by a computer in 
the methods used by Honeywell (ref. 49) and Wark, et al.,(ref. 55) when trans- 
missivity values were obtained directly from tables. On the other hand, the 
integration was performed graphically by Bu.rn (ref. 64) and Hanel, et al. , (ref. 
56). Hanel constructed a radiation chart similar to that of Mb’ller (ref. 88). 
They found that the radiation chart helped to take into account the Earth’s 
surface, clouds, and the symmetrical part of the atmosphere farther than the 
minimum tangent-height point from the sensor. 

Integration of Radiance from the Emitting Layers 

There are several ways of representing the particular portion of the total 
radiance reaching the sensor from each layer in the atmosphere. As suggested 
by Honeywell (ref. 49), it can be designated by a fraction of the total radiance, 
by the amount of radiance that came from that layer, or by the change in trans- 
missivity from one side of the layer to the other. The latter is a weighting 
factor serving as an approximation, which is good only if the emission itself 
varies only slightly with emission height (as would be the case in an isothermal 
atmosphere). 

Although radiance is emitted over a wide range of height, all but a negligible 
amount comes from a layer about 400 mb (7 kilometers) in vertical extent 
(ref. 60). Th e emitting layer is entirely in the atmosphere, the major part 
being at high levels (ref. 50). 

Repetition of Integration for Different Tangent Heights 

Horizon radiance is related to the tangent height of the ray in such a com- 
plicated manner that it is impractical to express the radiance theoretically 
as a continuous analytical function of tangent height. Therefore, it is customary 
to compute horizon radiance separately by repeating the integration of the 
radiative transfer equation for each of specified individual values of tangent 
height. The resolution of the horizon radiance profile increases with a de- 
crease in the selected tangent height intervals, or their vertical spacings. 

Wark, et al., (ref. 55) chose 15 values of tangent height to supply 15 values of 
radiance for each horizon profile they computed. 
tion provided by Honeywell (refs. 

The tangent height resolu- 

tangent height between - 30 and 
11 and 49) called for a five km spacing of 

-10 km, two km between - 10 and 0 km, one km 
between 0 and 50 km, two km between 50 and 60 km, and a five km spacing 
between tangent heights of 60 and 80 km. 

After this consideration of assumptions and methods, the resulting theoretical 
radiance profiles, 
be examined. 

which will form the subject of the rest of this report, may 
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RESULTING THEORETICAL RADIANCE PROFILES 

CHARACTERISTICS 

Limb Effects 

Lambert’s law prescribes that the intensity of radiance received from a 
layer of uniform composition and temperature is independent of the direction 
from which it is viewed. If the Earth’s atmosphere were homogeneous in 
these respects, a sensor in space would note the same amount of radiance 
coming from the atmosphere’ s limb as from lower levels, i. e. , there would 
be no limb effects. Actually, a decrease of atmospheric temperature with 
increasing in height contributes to limb darkening, which means decreasing 
radiance for the entire profile, due to the smaller emission at lower tempera- 
tures. Limb brightening, for which the radiance reaches a maximum at a 
given tangent height and then decreases at greater heights, may be expected 
under some conditions, such as when there is an inversion of temperature 
( ref. 49) or an increase in the emitting constituent with increase in height. 

Most computations of limb effects for the 15 micron spectral region revealed 
limb brightening. Both Wark, et al., (ref. 55) and Hanel, et al., (ref. 56) 
found limb brightening for all four atmospheric models which they used. 
Hanel, et al. , found that radiance was quite uniform, but exhibited a maxi- 
mum near a tangent height of 20 km. McArthur (ref. 58) found limb 
brightening that was definite in summer and small in winter. Both temper- 
ate and tropical atmospheres had small brightening according to Burn (ref. 
64). The only limb brightening found by Kondratiev and Yakushevskaya 
(ref. 50) was for a high altitude when there was a very high cloud cover. 
Limb darkening resulted from their calculations for all situations in which 
either the latitude or cloud height was low, clear sky being defined as a 
cloud at zero height. 

Slope of Radiance Profile 

The plot of radiance versus tangent height, known as the horizon radiance 
profile, has a positive slope only below the level of maximum radiance, which 
is characteristic only of cases of limb brightening. At higher tangent heights, 
the profile slope is always negative as the radiance approaches zero at the 
greatest heights. The negative slope is almost constant, indicating a linear 
decrease of radiance, to 55 km according to McArthur (ref. 58); Kondratiev 
and Yakushevskaya (ref. 50), however, found that the radiance was more 
closely proportional to an exponential function of height, since the profile on 
semi-logarithmic paper was almost a straight line. Honeywell (ref. 49) found 
that, if the radiances were expressed as fractions of their peak values, the 
resulting profiles were quite similar to each other. Wark, et al. , (ref. 55) 
found the most consistent steep profiles at high levels to be in the 650-576 cm 

-1 

(14.8- 15.4 micron) spectral subinterval. The greatest negative steepness is 
reached at tangent heights of about 10 km (ref. 50); then the profile flattens out 
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at greater heights. The region of maximum steepness has been described as 
a discontinuity by Hanel, et al. , (ref. 56) and as the general boundary of earth- 
sky interface by Woe&man (ref. 51). In this sense, this portion of the radi- 
ance profile assumes the characteristics of a horizon, which will now be 
discussed. 

The optical limb, or horizon, can be defined in a general way as a level where 
some phenomenon associated with the planet appears (ref. 53). This leaves 
room for many different definitions. For example, a standard horizon has 
been defined by Wexler and Brooks (ref. 52) as the height of the -40°C isotherm 
of the standard atmosphere. It is more useful to define the horizon such that 
its time variations can be included. The horizon is often defined in terms of 
the slope of the radiance profile. The inflection point of the radiance profile, 
where the negative slope is a maximum, was used by Wexler and Brooks (ref. 
52) to define the horizon. Its height varies about one kilometer for every 10°C 
change in stratospheric mean temperature, averaged between 18 and 38 km 
(ref. 49). An alternative definition places the horizon at the tangent height 
where the radiant intensity was 80 percent of the maximum intensity. A more 
sophisticated definition by Duncan, et al. , (ref. 53) states that the horizon is 
the tangent height with the maximum difference between the radiances of two 
separate spectral subintervals of the carbon dioxide band. 

Maximum Tangent Height of Radiance 

Maximum tangent height of radiance can be defined as the tangent height which 
the profile curve drops to a radiance so small as to be indistinguishable from 
zero on the graph. This maximum height varies considerably between the 
results of different investigators. The maximum height is in the neighborhood 
of 60 km (ref. 49) and is lower for a cold air column than for a warm one. 
Values of 42, 65, 71, and 76 km correspond to models by Kondratiev, et al., 
(ref. 50), Wark, et al., said their 15 micron values was much higher than 
that of Kondratiev, et al. , because they selected a higher level as the top of 
the air column over which they integrated the radiative transfer equation. 
Wark, et al., also found by upward extrapolation of other profiles that the 
Hanel, et al., (ref. 54) and Oppel, G. E. and Burn J. W. (private communi- 
cation to Wark) maximum tangent heights of radiance would be about five km 
higher and lower, respectively, than the Wark, et al. , value of 65 km. 

The Radiance Profile as a Whole 

Since there is no simple way of representing analytically the profile of radiance 
versus tangent height from theory, Burn (ref. 64) developed an empirical form- 
ula for radiance in the following form: 

N = A x low4 [ 1 + eBZ x 10-4]- ’ 

where A and B are coefficients which assume different constant values for four 
different model atmospheres. The formula gave the best fit to computed radi- 
ance values in the Arctic winter air mass, which has the smallest amount of 
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water vapor, the presumed cause of the discrepancies in the other air mass 
models. A more elaborate profile formula of an exponential nature was pre- 
sented in Reference 49. 

The temperatures, averaged over the range of pressure values corresponding 
to a selected range of tangent heights, yield a pressure weighted averaged 
defined by Wark, et aLXref. 55) as the effective temperature. However, 
K.ondratiev and Yakushevskaya (ref. 60) defined the effective temperature and 
pressure as their values at the level where the radiance equals the average 
radiance. The existence of this level is prescribed by the mean value theorem. 
Kondratiev and Yakushevskaya (ref. 60) prepared a table of effective tempera- 
tures and pressures for the whole air column of each of three different air 
masses and for each of six intervals one micron wide between 12 and 18 mi- 
crons. 

VARIATIONS IN RADIANCE PROFILES WITH _--_-__- 
INDEPENDENT PARAMETERS 

The horizon radiance values which constitute the profiles depend on a great 
many parameters. They will be treated individually in this report as if they 
were mathematically independent variables in their effects on the dependent 
variable, radiance. These parameters in actuality are not strictly indepen- 
dent of each other, since they are generally mutually related through physical 
laws. 

Temperature 

Temperature is one of the most important factors affecting radiance. The 
Planck function shows that all wavelengths, emission increases as the 
temperature increases. It also shows that this increase is less rapid in the 
far infrared than in the near infrared due to a temperature increase shifting 
the maximum radiation’s wavelength, which, by Wien’ s Displacement Law 
is inversely proportional to absolute temperature, away from the far toward 
the near infrared. 

The effects of perturbations in temperature and its lapse rate on horizon 
radiance profiles were studied by Honeywell (ref. 49). Variations of com- 
puted radiance within each of 10 spectral subintervals were artificially 
introduced by time changes in atmospheric temperature and its vertical 
derivative. 

The tropopause, which is defined by the relatively cold boundary between the 
troposphere and stratosphere, 
certain conditions. 

will affect the horizon radiance profile under 
Kondratiev and Yakushevskaya (ref. 50) identified the 

tropopause with the bottom of the steep negative slope of their profiles of 12- 
18 micron emission. It also appeared as a dip in the radiance profile (ref. 49), 

600-615 cm-l (16.26-16.67 microns), characterized when the subinterval of 
by weak carbon dioxide 
715 cm-l (13.99-16.26 

absorption, was added to the spectral interval of 615- 
microns), corresponding to strong absorption which 
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did not show the tropopause. When clouds are assumed to be at or above the 
tropopause, as in the tropical model soundings of Burn (ref. 64) and Hanel, 
et al., (ref. 56), th ey play the role of dominating radiators (ref. 63). They 
may increase the radiance at 10 km and decrease it at 0 km (ref. 4). In the 
absence of these clouds, McGee (ref. 63) assumed that the Earth will still 
appear to be radiating with an effective temperature near the tropopause. In 
normal situations where the tropopause lowers with increasing latitude or with 
time, there is a downward shift in the tangent heights corresponding to the 
maximum negative slope and adjacent features of the radiance profile (ref. 50). 
This is particularly pronounced in the case of sudden stratospheric warmings 
(refs. 11 and 49), which normally occur in the polar regions in the late winter. 
As the pronounced warming patterns descend and move toward lower latitudes, 
they cause the radiance profiles to change shape as well as to descend. Their 
probable effects would be to stretch the profiles and cause the general level of 
radiance values to increase. The disturbance caused by the sudden strato- 
spheric warming may last a month or more. 

Atmospheric Water Substances 

In narrow spectral regions of very intense absorption lines, the radiance pro- 
file does not depend on the amount of cloudiness, according to Kondratiev and 
Yakushevskaya (ref. 50). For their wavelength interval of 12-18 microns, the 
effect of cloudiness diminished the radiance. This effect was noticeable, but 
not great, only for clouds in the tropics viewed at low nadir angles (ref. 56). 
The profile is flatter for cloudy conditions than for clear skies and clouds, 
partly cloudy skies will not disturb the uniformity of the radiance profile (ref. 
50). In particular, clouds in the ARDC models will likewise have no effect at 
13. 6 microns (ref. 63). Clouds cause scattering, which tends to reduce trans- 
mission (ref. 51), but the effect is negligible at 15 microns. 

The heights of cloud tops are important (ref. 51) since they relate to the tem- 
peratures at which they radiate. Hanel, et al. , (ref. 56) Honeywell (ref. 49), 
and K.ondratiev and Yakushevskaya (ref. 60) studied the effects of cloud tops at 
many altitudes in the troposphere. In the Honeywell study, the clouds were 
found to have no effects on radiance profiles when the stratification was iso- 
thermal, but the effects varied in magnitude for non-isothermal cases. Kon- 
dratiev and Yakushevskaya found that the radiance profile was somewhat flatter 
for cloud tops at nine km than those at three km. McArthur (ref. 58) found 
that the emissivity in the 14-16 micron region became unity at 20 km, which 
is significantly above the normal cloud top level. If this is true, clouds will 
have no effect at all on the radiance profile. 

Water vapor diminishes transmissivity by absorption, particularly in portions 
of the spectrum where the carbon dioxide absorption is weak. It also tends to 
flatten radiance profiles near the horizon, but this effect is negligible in the 
15 micron carbon dioxide band (ref. 50). 

Consequently, water substances play a minor role, compared with temperature, 
in the narrow region of the spectrum around 15 microns. 
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Circulation (Atmospheric Wind and Pressure) 

Honeywell (ref. 89) studied. the relationship between horizon radiance profiles 
and the circulation parameters, jet stream (wind parameters) and trough and 
ridge (pressure parameters). No correlation between profile variations and 
circulation parameter variations could be found. 

Spatial Parameters 

Latitude and geographical variations were considered by most investigators, 
who included polar, temperature, and tropical air mass models. Kondratiev 
and Yakushevskaya (ref. 50) found that the differences between radiance pro- 
files for the equator and 65O latitude were comparable with the differences be- 
tween profiles for clear skies and cloud tops at three km, but less than the 
differences between clear skies and cloud tops at nine km. The radiance at 
65’ latitude generally exceeded that at O”, but limb darkening: at 65’ was less 
at the equator. K.ondratiev and Yakushevskaya (ref. 60) reported that the effects 
of latitude variations were smaller than the effects of seasonal variations at 
middle latitudes. McArthur (ref. 58) noted that the radiance varied markedly 
with latitude, increasing poleward in summer and equatorward in winter. The 
latitude effects operate through variations in high-level temperature lapse rates 
and in the height of the top of the atmosphere (defined by an isobaric surface of 
low pressure), which is higher over warmer air columns than cold air columns, 
(ref. 49). 

Other spatial variables were introduced by the view of the sensor, namely, the 
azimuth toward which it is pointed and the angular radius of the cone which it 
detected. Since meteorological conditions are assumed to vary more in latitude 
than longitude, a variable-azimuth scan is assumed to show differences between 
north and south facings, but not east and west facings. Azimuthal uniformity 
for the sensor was assumed by Hanel, et al.,(ref. 54), Kondratiev and Yakushev- 
skaya (ref. 50) took latitudinal asymmetry into account for the view of a sensor 
looking north and south from a single location. 

The effect of sensing over a circular area 3” in diameter is that the intensities 
of different magnitudes are averaged. The result is that the radiance profile 
of averaged values is flattened, particularly near the horizon, where large con- 
trasts in intensity are present within the field of view (ref. 50). Since the 
Tiros VII radiometer sights over a 5’ field of view, its measurements are not 
comparable with theoretical narrow rays (refs. 55 and 58),and cannot be used 
for direct checking of the computed radiances. 

Time Parameters 

The principal regular time variables are the annual (seasonal) and diurnal 
cycles. Most time variations have to be classed as irregular. 

The annual variations of radiance profiles were obtained by most investigators 
(refs. 50, 53, 56, 58, and 64) by use of the extreme seasons represented by 
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January and July. An improvement was made by Honeywell (refs. 11, 49, 90, 
91, and 89) which introduced all four seasons represented by eight synoptic 
situations over a wide geographic area. It was noted that changes between the 
winter and summer half years occurred near the equinoxes, when latitudinal 
regularity of horizontal temperature gradients breaks down and the tempera- 
ture patterns become weak. 

Diurnal variations were studied by Honeywell (ref. 89), McArthur (ref. 58), 
and Oppel and Pearson (ref. 54). Only small effects were noted by Honeywell. 
McArthur established the phase of the diurnal variation radiance at 20, 30, 
40 and 55 km as giving maximum and minimum radiances at 1400 and 0200 
local time, respectively. The amplitude of the variation diminished with in- 
creasing altitude above 30 km, primarily because the radiance itself dimin- 
ished with increasing height. 

Irregular time variations are best exemplified by the explosive warmings of 
the polar stratosphere in winter. The resulting large temporal variations 
have been studied by Duncan, et al., (ref. 53). Hanel, et al., (ref. 56) and 
McArthur (ref. 58) both noted parameters not subject to irregular variations: 
the Arctic winter radiance and the carbon dioxide concentration, respectively. 

Wavelengths (Or Wave Numbers) 

The variations in wavelength were too wide in some cases (refs. 55 and 60) to 
apply to this study. The character of the 12-18 micron radiance profile of 
K.ondratiev and Yakushevskaya (ref. 60) was significantly different from the 
14- 16 micron radiance, because the former received emission from much 
lower in the atmosphere, where there were variable meteorological influences. 
Wark, et al.., (ref. 55) covered wavelengths longer than 4.29 microns, where 
there were tremendous variations with change of wavelength. Earle (ref. 87) 
justified the use of the 15 micron band in preference to other carbon diotide 
and water vapor bands in the infrared: 2.7 microns of II20 and C02, 4.3 

microns of C02, 6.3microns of H20, and 20-40 microns of H20. The com- 

parisons made between subintervals of the 15 micron CO2 band by Honeywell 

(ref. 49), were useful in defining the best limits to pick for the whold interval 
encompassing the band. 
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EXPERIMENTAL PROGRAMS 

INTRODUCTION 

Several experimental programs measuring the infrared radiation from the 
earth have been conducted. Although few programs have actually made mea- 
surements directly on the Earth’s 15~ CO2 horizon, all of these programs 
have contributed to the total knowledge of the CO2 radiation mechanisms. Hor- 
izon sensors were first flown in 1958. As problems with erratic operation de- 
veloped, interest in making measurements on the infrared horizon increased. 

NASA/Langley Research Center (LRC) started the D-61 program in 1961 to 
examine various infrared spectral regions. This program, only partially 
successful, showed that the horizon profiles shape and altitude varied con- 
siderably with spectral region. Lockheed conducted the IRATE program 
under Air Force sponsorship in 1962. This program made measurements in 
five spectral bands including the 14-16~ band and showed the improvements 
possible in horizon sensing from this band. Also in 1962, Eastman Kodak 
under Air Force sponsorship flew a radiometer system to make comparative 
measurements on three /A, two p, and one p bandwidths centered around 15~. 
The narrowest bandwidth showed the least variations. In June, 1963, the 
Tiros VII weather satellite was launched by NASA/Goddard Space Flight 
Center (GSFC). Included in the payload was a five-channel, medium resolu- 
tion infrared radiometer, one channel of which responded to the 14.8 to 15. 5~ 
region. Although noise problems and field of view considerations did not allow 
horizon shape analysis, analysis of the long term variations of radiance in the 
15~ band was accomplished because of the satellite’s long lifetime. NASA/LRC 
is operating a continuing program using the X- 15 aircraft to carry radiometers 
to altitudes sufficient for making horizon radiance measurements. This pro- 
gram, although limited in spectral interval and quantity, has provided the 
highest resolution and spatial positioning measurements on infrared horizon 
profiles to date. The Nimbus II weather satellite launched in May, 1966, by 
NASA/GSFC had a five-channel radiometer, similar to the Tiros VII vehicle, 
with one channel responding in the 14 to 16~ band. Resolution and scan rates 
limit horizon shape analysis; however, the high quality and quantity of the 
data does allow for analysis of many short term variations in the CO2 peak 
radiance. 

Measurements on infrared radiance of the atmosphere including the 15~ band 
have been made from both ground and balloon-borne systems. Although these 
systems are not capable of making measurements similar to what satellites 
would see, they do provide confirmation of radiance models and input data 
and insight into the possible radiance variations which a satellite would see. 

Some insight to the variations of the infrared horizon can be attained by direct- 
ly examining recorded horizon sensor data from satellites. In most cases, 
satellites using horizon sensors for attitude control have no other device for 
determining attitude. Thus, it is usually only possible to say that a variation 
has occurred, not what its magnitude or precise cause was. 
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No system in a satellite has yet been flown which made high resolution, high 
spatial accuracy measurements on the 14 to 16~ horizon of the Earth. To 
reach the ultimate attitude measurement accuracies of horizon sensors, it 
is essential that a program to measure the variations in the CO2 horizon be 
conducted. The Scanner rocket probe, sponsored by Langley Research Center, 
launched in August, 1966, will provide a high horizon resolution [fieldofview 
(FOV) 0.02 5 O by 0. lOoI and a high spatial position accuracy (2 km) of the 14 to 
16 p horizon. However, since this program is scheduled to consist of only three 
ballistic flights from Wallops Island, Va., the analysis of variations of the 
horizon from this data will be limited. 

It should be pointed out here that in reading this section it may erroneously 
appear that the programs were not successful because complete information 
on the 14 to 16~ band was not obtained. In most cases their objectives were 
not CO2 horizon measurements, and information in this area is a by-product 

of their principle objectives. 

D-61 

The D- 61 program was initiated by Langley Research Center in 1961 to make 
observations on the Earth’s horizon in various spectral regions. Using a 
radiometer measuring four spectral intervals along the same line of sight 
comparative measurements of the radiance profile shapes and positions were 
planned. The vehicle was launched on ballistic trajectories to altitudes of 
600 km from Wallops Island, Virginia. A total of three flights were made; 
however, only the first flight produced data. Flight 1 was made November 17, 
1961, and is reported in Reference 92. Flight 2 was made in 1963; telemetry 
failed 29 seconds after launch, and no data was obtained. The third and last 
flight of the series, early 1966, had staging problems and was also not success- 
ful . 

Flight 1 had problems that partially destroyed its usefulness for analysis of 
horizon variations. Spun up to 600 rpm during launch, a despin mechanism 
spun the vehicle down only to 400 rpm rather than the design goal of 40 rpm. 
This made it impossible to make accurate attitude measurements, and the 
horizon gradients could not be positioned with respect to the solid earth. 

The spectral bands covered in this experiment were the ne.ar infrared (0.75 
to 3. 0 E.L), v’isible (0. 29 to 1. 0 P), 
infrared (1. 8 to 25~). 

ultraviolet (0.23 to 0.29p), and the far 
The radiometer characteristics are given in Table 11 

and the filter response curves are shown in Figures 27 and 28. A sample of 
the telemetered radiometer outputs is shown in Figure 29. Clouds tended to 
appear in all bands but with different spatial dimensions, indicating that diff- 
erent depths into the atmosphere are examined with each channel. 

The peak radiance in the ultraviolet band of the horizon profile occurs high in 
the atmosphere, nominally 50 to 60 km. Although the magnitude of the peak 
varies considerably with sun angle, the altitude of the peak may be stable. 
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This program was the first work by LRC to make precision horizon measure- 
ments in the infrared region. Some indications of clouds and temperature 
gradients as a function of latitude were observed in the far infrared channel. 
It can be seen from Figure 29 that the horizon position shifts with different 
spectral intervals. Little information on the characteristics of the 14 to 16 p 
CO2 horizon can be deduced from this program. 

Spectral 
band 

TABLE 11. - D-61 RADIOMETER CHARACTERISTICS 

Ultraviolet Visable Near infrared Far infrared 
- 

0.23~ to 0.29~ 0.29/J to 1.0; 0. 75E.l to 3. o/.4 1.8~ to 25~ 

Focal length 25.4 cm 25.4 cm 25.4 cm 7.60 cm 

Aperture 7. 60-cm 7. 60-cm 7. 60-cm 7. 60-cm 
diameter diameter diameter diameter 

Detector Photomultiplier PbS PbS Thermistor 
(lmmbyl mm) (lmmbylmn$ bolometer 

(lmmbylmn 

Filter Composite Color filter Color filter Germanium 
filter (a) (2. 54 mm) (2. 54 mm) (1 mm) 

Channel time < 0.0003 set < 0.0003 set < 0.0003 set 0.001 set 
constant 

Field of view 0.22” by 0.22” 0.22” by 0.22” 0.22” by 0.22” 0.7YbyO. 75’ 

a Contains NiS04. 6H20 (8 mm), Polyvinyl alcohol incorporating cation X, 

ultraviolet transmitting color filter (3 mm), and quartz (6 mm). 

IRATE 

The IRATE program conducted by Lockheed Missiles and Space Corp. (LMSC) 
for AF/SSD was the first orbital program to actually make measurements in 
the 14- 16~ band. 

The objectives of the program were to make comparative measurements of the 
Earth’ s horizon radiance in five spectral bands in the infrared to provide a basis 
for horizon sensor design and to obtain information on the relative levels of 
earth or meteorological noise for the various bands used. To make the meas- 
urements, five horizon sensors scanning on the same line of sight on the 
horizon were flown on a Discoverer satellite in July of 1962. The complete 
set of data obtained is described in Reference 93. The datatakenprovides an 
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[From Ref. 921 
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Figure 28. D-61 Total Cloud Cover in Scanned Regions 
[From Ref. 921 
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Figure 29. D- 61 Samples of Telemeter Record 
[From Ref. 921 



effective argument that the 14 to 16 t.~ CO2 band is a more stable band for 

horizon sensing than the 5 to 18, 12.5 to 18, 15 to 18, or 15 to 35 TV bands. 
In essentially all cases, the 14 to 16 P spectral band showed a lower percent- 
age of horizon anomalies and in addition a smaller temperature range of 
variation. 

The characteristics of the horizon sensors are given in Table 12. The optical 
filter characteristics of the 14 to 16 P band are shown in Figure 30. Unfor- 
tunately, the scan rate and field of view were such that definition of the true 
shape of the horizon could not be done. Conical scanning sensors were operated 
at 25 cps with.a field of view of 4.77’ x 0.97’. Small anomalies or horizon 
variations are effectively integrated out by this FOV. The detector time con- 
stant was 1.8 milliseconds . At the nominal altitude the CO2 horizon was 
scanned in approximately 1 millisecond. The detector response was too slow 
to provide an accurate reproduction of the horizon shape. For this reason 
analysis of the data has been restricted primarily to comparisons between 
channels and magnitudes of the Earth’ s disc readings. 

Examples of the sensor outputs, reproduced from Reference 93, are shown in 
Figures 31 and 32. Figure 31 shows the sensor outputs for essentially a 
” no-cloud” condition, while Figure 32 shows the outputs with a severe cloud 
effect on the trailing edge of the scan. It may be seen that clouds have much 
less effect on the 14 to 16~ sensor than on the other sensors. System noise 
varied considerably with time. Its amplitude can be determined by observing 
the space portion of the scan. On the 14 to 16~ channel, careful examination 
is required to separate actual cloud effects from the noise. Much of the ran- 
dom noise was removed by averaging several cycles of the wave forms. From 
the smoothed outputs, examples of which are shown in Figure 33, it was then 
possible to define an average peak temperature or radiance and a dropout 
(anomaly) term. Dropout is defined as the percentage loss of energy of the 
peak value of radiance. Dropout is attributed primarily to high clouds, although 
other atmospheric anomalies may cause similar effects. The comparative ef- 
fects of clouds on the spectral intervals can be examined using the dropout term. 

Some analysis of the data and comparison to computed radiance models are 
given by Bradfield (ref. 93) and Burn (ref. 94). Comparison of measured to 
computed variation of radiance in the 14 to 16 TV. band shows good agreement. 
The analysis consists of comparing anomalies in the 14 to 16 p band channel 
with the ‘reference” 5 to 18 P channel. The latter channel provides a rough 
indication of the extent of cloudiness in the atmosphere. Only statistical in- 
formation on number of occurrences can be derived since cloud heights and 
spatial dimensions cannot be obtained. 

A summary chart in Figure 34 shows the percent of samples with dropout by 
channel and the magnitude of the anomaly. This chart was obtained in prive.te 
correspondence with R. Fowler of Ithaca, Inc. It shows clearly the improve- 
ment in reducing cloud effects by narrowing the spectral response. 

Data taking for the flight was limited to areas over five tracking stations and a 
total of 57 acquisitions during a time period of 95 orbits (approximately six 
days). No recording of data on the vehicle was done. The five stations were 
Vandenburg AFB, California; New Hampshire; Hawaii; Kodiak, Alaska; and 
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TABLE 12. -IRATE HORIZON SENSOR CHARACTERISTICS 
lFrom ref. 931 

1. Field of view 

4.77” x .97O (5-18~~ 12.5-18cl., 14-16~, 15-18~) 

l/2” x l/8” (15-35~) 

2. Preamplifier gain at 25OC 

5-18~ 475 

15-18~ 1667 

12.5-18~ 1400 

14-16~ 1667 

15-35y 10 000 

3. Bolometer (+25” C) 

Resistance 54k ohms f15 percent 

R esponsivity lOOV/watt minimum 

NEP 2x 10 
-9 

at 100 cps 

Time constant 1.8 f 0.3 milliseconds 

Flake material No. 2 

Size 0.5 MM x 0.1 MM 

Coating 15y peaked anti-reflective 
(no coating for 15-35) 

Bias f17.1 Vdc 
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Figure 30. IRATE 14-16 Micron Total Optical Transmission 
[From Ref. 931 
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Figure 31. IRATE Sample Outputs, Clear Sky 
[From R.ef. 931 
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Figure 32. IRATE Sample Output, Cloud Effects 
[From Ref. 931 



5 - 1811. 
90% Dropout 

12.5 - 18~ 
60% Dropout 

14-l& 
25% Dropout 
(Twice scale) 

15 - 35P 
47% Dropout 

15-18~ 
64% Dropout 

Time 
a 

5 - 18~ 12.5 - 18~ 
86% 66% 

14-16 p 
31% 
(Twice scale) 

15 -35t.l 15 - 18~ 
52% 49% 

Figure 33. IRATE Processed Outputs 
[From Ref. 931 

98 



10/l 

5/l 

3.3/l 

0 
3 2.5/l 
,m 
'r 
2 

2/l 
c .- 

; 1.67/l 
2 

1.43/l 

1,25/l 

1.11/l 

100 

90 

80 

70 

s 60 
s 
: 50 

iz 
n" 40 

30 

20 

10 

Percent dropout =9x 100 

Max/min Earth ratio =i 

0 10 20 30 40 50 60 70 80 90 100 

Percent of samples with dropout, max/min earth ratio, less than ordinate 

Max/min earth ratio 
versus 

frequency of occurance 
in Lockheed data for 
various optical passbands 

-. 

Figure 34. IRATE Channel Comparisons 



Ascension Island. To determine if there were any temperature gradients as 
a function of latitude, the data for the 14 to 16 p spectral band from each sta- 
tion was separated out and averaged. This is shown in Table 13. The latitudes 
given are those of the tracking stations and only roughly estimate the true lati- 
tude of the sensor view point. 

TABLE 13. - IRATE 14 TO 16 /J DATA AS A 
FUNCTION OF LATITUDE 

Tracking station 

Ascension Island 

Hawaii 

Vandenburg 

New Hampshire 

Kodiak, Alaska 

Latitude 

8” S 

22” N 

34” N 

43” N 

58” N 

T emperatiire 
range 

215-220” K 

215-230” K 

215-235” K 

210-230” K 

215-230” K 

2verage 

216°K 

221°K 

221°K 

220°K 

219°K 

$ dropout 

9. 5% 

47% 

19% 

64% 

47% 

No gradient of significance is apparent from the averages although the average 
for Ascension Island is lower than the other stations. According to data from 
Tiros VII, Eastman Kodak, and Nimbus II, which are described in this report, 
a strong seasonal or latitude temperature gradient should occur. It is poss- 
ible with the limited quantities of data that local weather variations tended to 
mask out the latitude variation. 

The percentage dropout by station varies considerably. This is reasonable in 
that clouds, if in an area, may remain for a good fraction of a six-day flight 
time. For example, it appears that clear weather prevailed over Ascension 
Island throughout the flight. Predominantly clear weather over Vandenburg 
AFB is indicated since only on orbit 94 was there any significant dropout there. 
For cases with anomalies, 96 percent of the readings in the 14 to 16 p 
spectral band showed a lower percentage of anomaly than any of the other 
spectral bands measured. 

The program showed that the 14 to 16 p CO2 band has significant advantages 

over the other four spectral bands measured. The 14 to 16 p band still showed 
that 39 percent of the samples taken contained some anomalies. The measured 
temperature spread was 210°K. to 235”K, but the flight was of too short duration 
to consider these as true maximum values. In addition, too little data was 
taken to observe significant temperature gradients, diurnal variations, etc. 

EASTMAN KODAK 

In December, 1962, a radiometric system designed by Eastman Kodak was 
flown to make comparative measurements of spectral intervals in the 14 to 16~ 
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region and to verify uniformity of the radiant emittance in the CO2 band. De- 

tails of the system and data analysis are given in References 57 and 95. The 
flight was of short duration, recording data for approximately two days, over 
latitudes between 65”N and 65%. Although true horizon shape and position 
could not be determined because of a poor signal-to-noise ratio and vehicle 
attitude uncertainties, comparisons between channels and gradient measure- 
ments on the peak amplitude at the horizon could be made. 

The radiometric system consisted of two radiometers with each having two 
channels. The system characteristics are shown in Table 14. Radiometer A 
consisted of a one micron channel and a two micron ,channel. Radiometer B 
had a three micron channel and a two micron channel similar to A. The sy- 
stem spectral response for each of the channels is shown in Figure 35 and 
was measured across the spectral range of 2 to 24 microns. The curves are 
shown as a function of optical density which is defined as equal to 

log1 0 1 

1 

1 transparency. 

The angular position of the Earth’ s horizon could not be determined accurately 
from this system because of uncertainty of the vehicle attitude. A precise 
attitude reference other than horizon sensing itself was not available to the 
experimenters. 

Two problems associated with the vehicle caused difficulties and degrading of 
the data. The radiometer system was installed on the vehicle two days prior 
to launch and could not be checked out or recalibrated during that time. The 
vehicle was launched into a highly elliptical orbit at low altitude suchthat 
significant aerodynamic heating was observed at perigee. New calibration 
curves had to be estimated to correct for the large range of radiometer tem- 
peratures encountered. 

Examples of the radiometer outputs showing effects of clouds are given in 
Figure 36. From this figure it can be seen that little information on horizon 
shapes can be derived from the data . 

Comparisons of the three bandwidths showed that the narrower channels were 
least susceptible to signal anomalies (short term decreases in radiant emit- 
tance). From an examination of the response characteristics all of the chan- 
nels cut off sharply at 13.6 to 14.0 p. The variation in response occurs prin- 
cipally on the long wavelength side with the two and three TV channels expand- 
ing toward the water vapor band. Assuming the anomalies are due to high 
clouds on the horizon it would be expected that the three P channel would show 
more dropout than the two p channel and the two P channel more than the one TV 
channel. Measurable anomalies occurred on none of the one P data, 20 per- 
cent of the two p data, and 40 percent of the three micron data. Attempts 
made to correlate the anomalies with Tiros cloud data met with inconclusive 
results. Some correlation of anomalies with geographical features, such as 
continental coastlines, the Japanese Current, the Gulf Stream, etc. was ob- 
served. In most cases, the correlat&n was probably due to clouds which, on 
the average, tend to build up along the edges of these features. 
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TABLE 14.- KODAK SYSTEM PARAMETERS 

Radiometer A Radiometer B 

i micron 2 ‘microns 3 microns 2 microns 

Spectral band 

Top of scan 

Bottom of scan 

Commutator 
samples per scan 

Scan time 

Direction of ‘view 

Field of view 

14. o- 15. 2p 13.7-15.6~ 

79..5” 84.0” 

63.5” 68.0” 

147 128 

6.1 sec. 

Side 

0. 2” x 2.0” 

13.6- 16.5p 13.7- 15.6~ 

79.5” 84.0” 

64.0” 68.5” 

48 48 

5. 25 sec. 

Forward 

0. 2” x 2.0” 



I - micron bond 

Wovolrngth, microns 

2 -micron bond 1 

Ii 
sop-- 

l 

Wovelength, microns 

Hi- S-micron bond 
-+I 

Wavolrngth, microns 

Figure 35. Kodak System Spectral Responses 
[From Ref. 573 
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The peak radiance at the horizon plotted as a function of latitude in Figure 37 
shows a significant gradient running from a minimum at the winter pole to a 
maximum at the summer pole. From the relatively small samples of data ob- 
tained here, the peak radiance increase from 65ON to 65OS latitude ranged 
from 10 to 20 percent of the mean radiance for each channel. This is a lower 
gradient than is commonly predicted in previous literature; however, it is ap- 
proximately the same as was observed on Tiros VII (described in Tiros sub- 
section) for winter in the Northern Hemisphere. The data was averaged in- 
dependently of longitude thus removing the maximum gradients and showing 
the average gradient which can be expected. A relative minimum of radiance 
occurred near the equator to 20” S latitude. As can be seen in the Nimbus II 
data (described in Nimbus subsection), extensive high clouds in the inter- 
tropical convergence zone would tend to enhance this minimum when the data 
is averaged. In December, this zone would be in the O” to 20”s latitude band. 

No diurnal effect in peak radiance was noted from this experiment. Measured 
values between f40” latitude were separated into day-night readings and 
averaged. With the amplitude resolution not better than 10 percent, it is very 
reasonable that diurnal effects were not observed. According to McArthur, 
(ref. 58) the maximum diurnal variation should not be greater than 10 percent 
of peak radiance, and with averaging as done here the variation would have 
been less than 5 percent. 

TIROS 

The Tiros series of weather satellites have contributed a significant quantity 
of data on the infrared radiation of the earth. Tiros II, III, IV, and VII all 
had medium resolution infrared radiometers (MRIR) as part of their payload 
along with the TV cameras in the visible region of the spectrum. 

The MRIR responds to radiation in five different spectral regions. Three of 
the channels respond to emitted thermal radiation, and the other two channels 
respond to reflected solar radiation. The nominal wavelength intervals, their 
useful data lifetimes,and the launch dates for each satellite are shown in 
Table 15. 

Tiros VII data is of principal interest to horizon sensing in that a channel was 
included to make measurements in the CO2 absorption region and that its 

life-time was of sufficient length to examine seasonal variations in radiance. 
Tiros VII was launched June 19, 1963 from the Eastern Test Range with an 
angle of inclination of 58. 2’. Its mean perigee and apogee altitudes respective- 
ly were 622 km and 648 km. Details of the MRIR experiment including cali- 
brations and response characteristics for each channel are given in Reference 
91. The response characteristic for the 15~ channel is reproduced here in 
Figure 38. 
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Figure 3 7. Kodak Latitude Effect, Radiometer A 
[From Ref. 573 



TABLE 15. - NOMINAL WAVELENGTH INTERVALS OF TIROS RADIOMETER 

Nominal wavelength interval 

6-6.5 TV (H20 absorption) 

8- 12 p (atmospheric window) 

8-30 TV (long-wave radiation) 

14.8-15.5 p (CO2 absorption) 

0.2-6 t.~ (reflected solar radiation) 

0.55-o. 75 p (reflected solar 
radiation in the visible) 

Satellite 
r 

Tiros II Tiros III Tiros IV Tiros VII 
11/23/60 7/12/61 218162 6/ 19/63 

X( 1) X( 1) X(5) 

X(5) X(2) x(5) X( 17) 

Xl 1) X(l) X03) 

X( 17) 

X(O) X(2) X(5) X 

X(O) X(l) X(5) X 

The X’s indicate channels which were included on each radiometer. 
The numbers in parentheses indicate months of usable data. 
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Figure 38. The Effective Spectral R.esponse of Tiros VII 15~ 
Channel Versus Wavelength 

[From Ref. 9 S] 
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Data from the MRIR is stored on the spacecraft on an endless loop magnetic 
tape with space for 100 minutes of storage. Because of the storage limit, data 
was lost on orbits where no contact with ground data acquisition stations could 
be made. In addition, data obtained in the vicinity of the tracking stations were 
sparse because no data recording was done during playback to the ground. 
The Earth’ s geographical area for which data were obtained is limited primarily 
to the area between 60”N and 60” S latitude because of the 58.2” inclination of 
the orbit plane. Three data acquisition stations were used: Fairbanks, Alaska; 

San Nicolas Island, Cal.; and Wallops Island, Va. Because only three 
stations were used and limited data storage was available on the spacecraft, 
data was sparse in two areas located at approximately 90° East and West 
longitude. The general area of data coverage is shown by the dashed lines 
in Figures 39 through 46. Small quantities of data at relatively high angles 
to the nadir are obtained outside the lines. 

The Tiros vehicle is spin stabilized at a nominal six rpm. The MRIR optical 
axis is inclined 45” to the spin axis and has two viewing ports. When one 
optic views the Earth, the other optic views space. Chopping between the 
ports provides an output signal proportional to the difference in radiance 
viewed in the two directions. The radiometer scan pattern on the surface of 
the Earth is defined by the intersection of a 45” half-angle cone and a sphere. 
The pattern ranges from a circle to two hyperbola-like branches. Uncertain- 
ties in attitude lead to errors of from 1” to 2”. Viewing vertically downward 
(nadir angle = O”), this corresponds toless than 20 miles position error but 
viewing toward the horizon this corresponds to position errors on the order 
of 200 miles. The field-of-view of the Tiros radiometer is approximately 
5” at the I/ 2 power points. Viewing vertically downward, the spatial resolu- 
tion of the radiometer is approximately 55 km. Because of the attitude errors 
and the wide field-of-view, very little information on the true shape or posi- 
tion of the Earth’ s horizon can be obtained from the Tiros VII data. The in- 
formation is primarily limited to measurements of radiance from the disk of 
the Earth within 40” of the nadir angle. Assuming no limb brightening or 
darkening, these measurements correspond to peak amplitudes of the horizon 
profiles. In general, the variations in the disk measurements should be 
similar to the variations in the peak amplitudes at the horizon. 

The output of the 15~ channel is calibrated in terms of the temperature in 
degrees Kelvin of a black body filling the field-of-view of the radiometer. 
The techniques for deriving effective radiant emittance or radiance from the 
temperature values is described by Nordberg, Bandeen, Warnecke, and 
Kunde (ref. 97). Several changes in calibration have occurred for the 15~ data 
during the course of the flight due to electronic degradation and other unknown 
occurrences. After applying the known corrections, estimated short term 
relative accuracy of the temperature measurements are f 2’K and absolute 
accuracy decreases linearly from f7OK at launch (June 19, 1963) to f12”K 
by 30 September 1964. 
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Figure 39. Tiros VII 15~ Isotherms 19-25 June 1963 
[From Ref. 971 
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Figure 40. Tiros VII 15~ Isotherms, 11-18 September 1963 
[From Ref. 971 
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Figure 41. Tiros VII 15~ Isotherms, 25 September - 
1 October 1963 

[From R.ef. 971 
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Figure 42. Tiros VII 15~ Isotherms 20-26 November 1963 
[From Ref. 971 
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Figure 43. Tiros VII 15~ Isotherms, 15-22 January 1964 
[From Ref. 971 
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Because of the relatively high error associated with individual readings, con- 
siderable averaging is required to extract useful information from the data. 
Short term effects, such as diurnal variations, thunderstorms, etc. cannot 
be analyzed in good detail. 

Bandeen, Conrath, and Hanel (ref. 98) showed oscillograms of individual 
scans of the Tiros VII radiometer which compared the outputs of the channels. 
These are reproduced in Figures 47 and 48. The line of sight was the same 
for all channels, thus, comparison of effects on the channels can be easily 
made. It can be seen from the data that noise and resolution tend to limit any 
deductions on .horizon effects in the 15~ band. Within the noise level, no 
effects of clouds can be seen on individual scans in the 15~ channel in Figure 
47. From the temperatures given for the 8 to 12~ channel the clouds must 
have been above 10 km. Several attempts were made to correlate the 15p. 
CO2 channel with the 8 to 12~ window channel for a number of locations and 

times to determine cloud effects in the 15~ channel. (a). No correlation was 
obtained; thus, the conclusion was that cloud effects were below the noise 
level for this experiment. 

Nordberg, et al., at GSFC have done considerable analysis on long term 
variations appearing in the 15 p data from Tiros VII (ref. 97). The Earth’ s 
area sampled by Tiros VII was divided into a grid with cells of approximately 
500 x 500 km dimensions. The measurements in each cell were averaged 
for one week (approximately 1000 measurements) to determine the average 
temperature of that cell. Isotherm maps were then drawn for the quasi-globe 
sampled by Tiros VII for several weeks from June 1963 to March 1964. 
Several of these maps are reproduced here in Figures 39 through 46. With 
this averaging out of random fluctuations, the precision of each temperature 
measurement is better than 1°K; however, systematic errors due to instru- 
ment degradation make the absolute accuracy considerably poorer than 1°K. 
The series of maps show seasonal variations and the general gradients in 
temperature as a function of latitude and longitude. Good descriptions of the 
seasonal or latitude gradients, the Aleutian Anticyclone effect, and an ob- 
served stratospheric sudden warming are given by Nordberg, et al., (ref. 97). 

Since the preceding report was published, complete maps, drawn with higher 
resolution, more accuracy, and degradation corrections using lo-day averages 
at five-day intervals, have been made up for the Tiros VII 15~ band for its 
useful lifetime from June 1963 to October 1964. In private communications 
with W. Bandeen and J. Kennedy, four of the maps for July 1963; Sept. 1963; 
Jan. 1964; and March 1964 were obtained and are printed here in Figures 49 
through 52. Summer hemisphere (Figures 49 and 51) isotherms run uni- 
formly independently of longitude and have been noted to do so in all of the 
maps drawn. Temperature gradients as a function of latitude are very small 
at all times of the year in the region f20° about the equator. Temperature 
gradients at the peak in the summer hemisphere from 20” latitude to 60” latitude 

aPrivate communication from W. Bandeen and J. Kennedy, Goddard Space 
Flight Center, Greenbelt, Maryland. 
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Figure 47. Cloud Effects Oscillogram Showing Six Scans Off 
the East Coast of Africa by the Tiros VII Radiometer 

[From R.ef. 981 
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is approximately 1. 4°K per 10” latitude. Temperature gradients in spring and 
fall (Figures 50 and 52) are very small and appear to be quite random. Iso- 
therms in the Northern Hemisphere winter (Figure 51) are strongly influenced 
by the warm Aleutian Anticyclone. Indications are that the Aleutian Anti- 
cyclone occurs almost every winter, but its intensity and exact location varies 
considerably, which causes the isotherm shapes and positions to be quite unpre- 
dictable. The Southern Hemisphere winter shown in Figure 49 has better uni- 
formity of isotherms than the Northern Hemisphere winter. However, in ex- 
amining all of the maps, it is noted that a warm region over the Southeastern 
Indian Ocean acted similarly to the Aleutian Anticyclone and tended to distort 
the isotherms away from latitude lines throughout the winter. From the maps, 
it appears that summer long term temperatures (radiance) are predictable by 
latitude primarily. Long term temperatures for winter are not as predictable 
since relatively short term events such as movements of the Aleutian Anti- 
cyclone and stratospheric sudden warmings can cause large shifts in the iso- 
therm patterns. Some geographical features, such as cooler areas over the 
AmazonValley and warmer areas over the Sahara Desert, tend to appear 
through the averaging. More observations will be necessary for verification 
if the gradients and variations observed during 1963-1964 repeat, as well as 
how they repeat. 

Some analysis on short term variations in the Tiros VII 15~. data was done by 
Aracon Geophysics Division of Allied Research Associates, Inc. (ref. 2). Spa- 
tial averaging over 2. 5” by 2. 5” areas on the Earth of data taken on the same 
orbit was used. Several examples are displayed showing that the 15~ channel 
averaged by this technique does show small cloud effects and short term 
weather patterns. Comparisons are made using conventional weather analysis 
and the Tiros VII 8 to 12~ channel. From the 8 to 1.2~ data, cloud top tem- 
peratures are determined. With the cloud top temperature and an atmospheric 
temperature profile, the cloud heights are approximated. For clouds filling 
the radiometer field of view, decreases in temperature of 1 to 4 “K should 
occur for clouds at 8 to 12 km. Effects of this order of magnitude were 
observed in the data. Only relative temperature patterns can be attained in 
this manner. Absolute temperature errors are of the same order as these 
variations. 

LRC X-15 

As part of Langley Research Center’s horizon definition program, the X-15 
airplane is being used as a vehicle to carry radiometers to the required alti- 
tudes for making meaningful Earth horizon measurements. This system, 
while having very limited coverage and output, is fulfilling its objectives of 
providing high resolution and high spatial position accuracy measurements on 
the horizon profile in several spectral bands at low cost with re-useable hard- 
ware. General descriptions of the program and data are given by Jalink 
(refs. 99 and 100). 
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The horizon definition experiment is essentially a piggyback payload on the 
primary X-15 experimental program. Little choice is ‘allowed in time of 
flight or area of coverage. Flights are always roughly in a line along a path 
from Great Salt Lake, Utah, to Edwards AFB, California. A B-52 carries 
the X-15 from Edwards AFB to approximately 213 of the way to Salt Lake 
City where it is launched and returns to Edwards. The radiometer looks 
directly out the tail of the plane and scans the horizon in back of the vehicle 
from approximately Great Salt Lake to close to Edwards AFB. Data is taken 
while the plane is in the parabolic part of its trajectory. 

A maximum of 20 complete profiles ,are obtained on a specific flight. Altitude 
of the vehicle changes very little during the data taking sequence and varies 
from 50 to ‘75 km depending on the particular flight profile. The profiles in 
the spectral intervals here observed are essentially the same as would be 
seen by a satellite since more than 99.9 percent of the atmosphere is below 
50 km. 

Good weather analysis is available with each flight. In addition, a Milliken 
movie camera is mounted alongside the radiometer to take visual pictures of 
the horizon. With model atmospheres generated from this data, theoretical 
horizon profiles are computed and compared to the measured data. Unfor- 
tunately, for analyzing cloud effects on the horizon profiles, weather 
conditions have to be good in the plane’s trajectory or the flight doesn’t take 
place. Thus, in most cases, weather conditions are good (cloudless), 
although in some cases the horizon being scanned may have clouds. 

High accuracy attitude data is supplied from a stable platform on the X-15 
with position data supplied by ground tracking radar. A total system error 
analysis (ref. 99) indicates a tangent height accuracy for each measurement 
of fl. 87 km. The field-of-view of the radiometer is 0. 13” x 0. 13”, which 
provides a resolution of approximately 2 km at the tangent point. The radio- 
meter characteristics are given in Table 16. In a system of this type, both 
pre- and post-flight calibration checks can be made and were. The data 
shown have been corrected for calibration biases and known errors. Both 
space to earth and earth to space profiles are obtained with the scanning 
technique used. Differences in the profiles occur due to response character- 
istics of the bolometer and amplifiers. Only space toEarth profiles are used, 
and these have been corrected for the response time errors. 

A total of four flights have been made with this system. The first flight was 
made July 8, 1964, using a 0.8 to 2.8 p filter on the radiometer. The boun- 
dary of all data taken, the average of all data, a typical measured curve, and 
the theoretical curve are shown on the graph in Figure 53. Cirrus and alto- 
cumulus clouds at altitudes up to 10 km appeared clearly on the radiometer 
data. The observing altitude for this flight was 52 km. Reasons for the de- 
viations from the theoretical curve are explained by Jalink (ref. 99). The 
radiance values shown on the curves here and in the reference have not been 
corrected for filter and detector responses. To obtain absolute radiance 
values, these must be included. 
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TABLE 16. - X-15 RADIOMETER CHARACTERISTICS 

Spectral region 0.8~ to 2.8~ lop to 14p 14p to 2Ob 

Aperture 12.7 cm 12.7 cm 12.7 cm 

Focal length 12.7 cm 12.7 cm 12.7 cm 

Field of view 0.13” by 0.13” 0.13” by 0.13” 0.13” by 0.13” 

Scan angle 30” 300 30” 

Filter Color filter Interference Interference 
3mm and absorption and absorption 

Detector PbS Thermistor Thermistor 
0.3 mm by 0.3 mm bolometer bolometer 

0.3mmby0.3mm 0.3mmby0.3mn 

N.E.P. 2.4x 10-l watt- 3.4x 1o-8 watt- 2.5x 1o-8 watt- 

(cps)-1’2 (cpsP2 (cps)-1’2 

Time constant 3.5x lo-3 set 3.5x 1o-3 set 3.1 x 1o-3 set 

The second flight was made in May, 1965, using a 10 to 14 p filter on the ra- 
diometer. The data were take,n on a very clear day and the radiance profiles 
were correspondingly very smooth as shown in Figure 54. This region is 
primarily a window region as can be seen by the low altitude at which the 
steep part of the profile occurs. If clouds had been present in the field of 
view, they would have had a major effect on the profile shapes. 

The third flight was made June 29, 1965 using a 14 to 20 t.~ filter on the radio- 
meter. The detector and optical filter response curves are shown in Figures 
55 and 56, respectively. The altitude at data taking was approximately 75 km. 
A total of eight profiles were obtained on this flight and are shown in Figure 
57. Profiles for this spectral region show an interesting double horizon. 
Above 20 km, the radiance is predominantly due to CO2 emitting in the 14 to 
16 p region. The second horizon centered at approximately 10 km is due to 
water vapor emission in the 16 to 20 p region. The boundary of all data, 
average of all data, and the theoretical curve are shown in Figure 58. Consi- 
dering that the tangent height accuracy of the system is *3. 7 km (2a), the pro- 
files show a high degree of stability. The weather during this flight was 
essentially cloudless. Terrain varied from high desert to mountains to low 
desert. The experimental profiles fit the theoretical curve very well in the 
CO2 region. An unexplained discrepancy occurs in the water vapor region. 
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A fourth flight made in October, 1965, also covered the 14 to 20 p region. 
Due to difficulties on the plane, attitude could not be determined and no data 
resulted. Plans call for making further measurements in the 14 to 20 p spec- 
tral region on following flights. 

NIMBUS II 

The Nimbus II weather satellite was launched into polar orbit with an angle of 
inclination of approximately 100” on May 15, 1966. At the date of this writing, 
the system is still functioning normally. The Nimbus outputs consist of tele- 
vision pictures of cloud cover in the visible region, high resolution infrared 
radiometer (MRIR) pictures of radiation in five spectral intervals of the infra- 
red region. Two channels of the MRIR are of particular interest in horizon 
definition analysis of the 14 to 16 lo band. From the 10 - 11 lo window channel, 
cloud top temperatures and thus heights can be determined. The 14 to 16 t.~ 
channel provides direct measurements of temperature in the CO2 band. 

Goddard Space Flight Center is responsible for spacecraft management, data 
collection, and analysis. The information on the Nimbus system and the data 
presented here were obtained in private correspondence with A. McCulloch 
and W. Bandeen of GSFC and A. Glaser of Aracon Geophysics Div. of Allied 
Research Associates, Inc. 

The Numbus satellite is in a near circular polar orbit at an altitude of 
approximately 1100 km f 40 km. The satellite is stabilized to local vertical 
to +3O in roll and pitch and flO” in yaw. The MRIR has a field-of-view of 
2.3” at the l/2-power point corresponding to an area of approximately 30- 
mile diameter vertically below on the ground. A rotating mirror scans the 
radiometer FOV across the diameter of the Earth’s disk, through both hori- 
zons, and space at a rate of 1 scan per 7.5 sec. providing a ground resolution 
between scans of approximately 30 miles. 

The effective spectral response of the CO2 channel of the MRIR is shown in 

Figure 59.. The l/2-power points are approximately at 14.05 t.~ and 15. 75 p. 

It should be noted that the response curve does not fall off uniformly above 
15. 75 p. Apparently this skirt passes a significant quantity of energy from 
the water vapor band since more cloud effects are noted in the data than would 
be expected for the CO2 band alone. 

Nimbus MRIR data will be placed on Final Meteorological Radiation Tapes 
(FMRT) in a form similar to the FMRT’s produced from Tiros VII. At the 
present time, the MRIR data is available in two forms, analog strip charts 
and pictorial presentations. The analog strip charts consist of a reproduction 
of the radiometer outputs in time sequence as shown in Figure 60. Horizons 
and disk readings are as marked in the figure. Distance on the Earth between 
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Figure 60. R.eporduction of Nimbus II MRIR Outputs, Clear Sky 
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horizons is approximately 7200 km. Resolution (approximately 160 km at the 
horizon) and the high scan rate (480/set) make analysis of the shape of the 
horizon impossible with this data. The pictorial presentation is generated 
by stacking the analog scans to form a continuous strip picture of one orbit 
of data as shown in Figure 61. In this presentation, the horizons have been 
cut off and a 4600 km wide strip directly below the spacecraft is displayed. 
Cold is light and warm is dark on the figure for all channels except the 0. 2 
to 4. 0 TV channel which measures primarily reflection rather than emission. 
The pictorial presentation is useful for determining the location of gross 
effects in the channels. Precision measurements of the amplitudes of the 
variations can then be made on the analog strip charts. 

Unfortunately, problems with the radiometer at this time limit good data in 
the 14 to 16 t.~ band to latitudes north of approximately 60”s latitude. Appar- 
ently the geometry is such that over the South Pole sunlight is reflected into 
the radiometer, which causes heating and a loss of calibration. It may be 
possible to correct for this heat increase with careful analysis, but it has 
not been done for this report. 
Earth, and satellite changes, 

As the geometrical relationship between sun, 

graphical location. 
this problem should clear up or shift in geo- 

Many orbits of the Nimbus data have been examined. Clouds appear in the 
14 - 16 p channel at least to some extent, in every orbit in the intertropical 
convergence zone near the equator. This can be clearly seen in Figures 61 
and 62. In May, this area occurs at approximately 1O”N latitude. In gen- 
eral, the average temperature measured in this region is approximately 222°K. 
The clouds caused decreases in temperature normally of less than lOoK, al- 
though cases were noted of temperature decreases as high as 17°K. Clouds 
also occur in several other areas on almost every orbit but are more random 
and usually lower in amplitude. 

Figure 63 shows the effect of clouds near the horizon in the 14 to 16 p band. 
Approximately a 4 to 6°K decrease in temperature of the 14 to 16 TV band can 
be observed. Because of the larger area encompassed in the field of view, the 
clouds generally tend to average out and disappear near the horizon. Figures 
64 and 65 show clouds nearly vertically below the spacecraft. The amplitudes 
of the variation in temperature of the 14 to 16~ band due to these clouds are 
approximately 10°K and 12’K, respectively. Both of these cases occured in 
the inter tropical convergence zone. By reading the temperatures of the 
cloud tops in the 10 - 11 p channel as 209OK and 193OK and comparing to a 
standard tropical atmosphere, the heights of the clouds are approximately 
13 and 17 km, respectively. These figures are reproductions of expanded 
scale analog strip charts. To analyze cloud effects near the horizon,the 
strip chart recorder speed was increased to provide better resolution. The 
staircase effect on the horizon is a result of the digital sample rate on the 
magnetic tape recording from which the strip chart is made. 

137 



Figure 61. Pictorial Presentation Nimbus II MR.IR Orbit 59 
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Figure 62. Pictorial Presentation Nimbus II MRIR Orbit 112 
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Figure 63. Nimbus II MR.IR Outputs Showing Clouds Near the 
Horizon, Orbit No. 145, 26 May 1966 
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Figure 64. Nimbus II MRIR Outputs Expanded Strip Chart Showing 
Cloud Effects, Orbit No. 145, 26 May 1966 
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Plots of temperature in the 14 to 16 lo band as a function of latitude were made 
for three orbits and are shown in Figures 66, 67, and 68. Pictorial presenta- 
tions of two of these orbits are shown in Figures 61 and 62. The three orbits 
span a time period of one week, 19 to 26 May. The curves show a very lin- 
ear temperature increase of 1OPK per 6. 7” latitude from approximately 30” N 
lat to the North Pole. Deviations are less than f 1YK from an average curve 
in this region. From 60” S lat to 20” S lat the same increase of l”K,per 
6. 7” lat occurs, although the deviations are up to f 25°K. A temperature 
plateau appears to exist in the region from 20” S. lat to 20” N lat. Devia- 
tions are f 2.5”K. The temperatures plotted here are the average tempera- 
ture of the radiometer scan across the Earth’s disk of 7200 km. This averaging 
tends to remove effects of clouds, except possibly in the intertropical conver- 
gence zone, and geographical conditions such as land or water. Some indica- 
tions of a diurnal temperature variation of 1 to 2°K higher in the day than at 
night shows up in the graphs, but it could not be completely verified from the 
limited data analyzed to date. Night is the dark area on the 0. 2 to 4. 0 t.~ chan- 
nel on the pictorial presentations. For daytime measurements for a given 
latitude the temperature is quite consistently higher than the nighttime mea- 
surements. 

The analysis of the Nimbus II MRIR data shown here is preliminary. The 
good resolution, high signal-to-noise ratio, and easy position determination 
of the data allows for simple analysis. With the data taken to date, diurnal, 
geographical, cloud, and other variations in the 14 to 16 p channel could be 
analyzed statistically in good detail. If the lifetime of the vehicle is sufficient, 
seasonal temperature variations can be mapped in detail similar to the map- 
pings made for Tiros VII. Although the measurements are made on the disk 
of the Earth, much of the variation analysis can be directly applied to horizon 
analysis. In addition, the Nimbus II, 10 to 11 t.~ channel provides data for 
determining cloud heights which may be used to correctly calculate horizon 
profiles for cloud effects. By reading the temperature of the cloud top from 
the 10 to 11 TV, channel and comparing it to an atmospheric temperature pro- 
file, the cloud height can be determined. The cloud is then treated as a near 
black body radiating at that altitude in the profile computation. 

PERIPHERAL EXPERIMENTAL PROGRAMS 

A number of experimental programs have been conducted to measure the infra- 
red spectral radiance of the atmosphere from ground level and balloon plat- 
forms. Some of these programs and their experimental results in the 15 p 
region are discussed here. 

Bell, et al.,(refs. 101 and 102) used a mobile laboratory to take radiance 
measurements of the sky over the spectral interval from 1 to 20 p with high 
spectral re,solution (less than 0.25~) grading spectrometers. Measurements 
were made in Cocoa Beach, Florida, from Holloman AFB in New Mexico, and 
from several locations near Colorado Springs, Colorado. It was found that 
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radiance in the 15 TV region was essentially independent of angle of elevation 
and azimuth angle. It was strongly dependent on ambient temperature. This 
would be expected, since at ground level the 15 p region is opaque and the 
radiance measured would be that emitted from the atmosphere near the 
observer. 

Murcray, et &,(refs. 103 and 104) and Kyle, et &,(ref. 105) have conducted 
several balloon flights with grating and prism spectrometers to obtain experi- 
mental data on the infrared spectral transmittance of the atmosphere. The 
spectral region examined was from 1 to 13 TV.. Flights were made from 
Holloman AFB, New Mexico; Sioux Falls, S. D. ; and Fairbanks, Alaska with 
measurements being taken at altitudes from 1.6 km to 31 km. Although no 
data was taken in the 15 p CO2 region, some confirmation of CO2 concentrations 

and theoretical radiance models was obtained by examination of the experimental 
data in the 4. 3 p CO2 band. 

Chaney (ref. 106) conducted a program with an interference spectrometer on a 
high altitude bdlloon flight originating from Sioux Falls, S. D. , in June 1963. 
A float altitude of 34 km was maintained for 11 hours. The spectrometer 
viewed at an angle of 30° off the nadir and during the flight observed clear sky, 
partly cloudy sky on both sides of a storm, and high cumulus storm clouds. 
Measurements were made on the infrared spectral interval from 6.25 p to 
16. 7 p with a spectral resolution varying from 0. 2 p at 6.25 TV to 1. 3 t.~ at 16. 7 
P* The CO2 region around 15 TV, exhibited a smooth rapid drop in temperatures 

to 50 000 ft (15.2 km) with a smaller rise in temperature from 70 000 to 
112 009 ft. (21. 3 to 34. 1 km). The spectrometer response at 14. 5 TV as a 
function of time is shown in Figure 69. At the float altitude, the temperature 
decreased slowly throughout the day. A significant decrease in temperature 
was noted in the 15 p region as the high clouds were scanned, although the 
decrease for this region was much less than for the other portions of the 
spectrum. 

Zachor and Persky (ref. 107) described a series of balloon flights over 
New Mexico in which interference spectrometers were used to make atmos- 
pheric emission measurements over the 5 to 40 p spectral region. Unfortun- 
ately, equipment problems occurred and the maximum altitude for which data 
were taken is 54 000 ft (16. 5 km). Data were taken in both the nadir direction 
and at an angle of 30” to the zenith. Two spectrometers were used with one 
responding in the 5 to 15 TV region and the other in the 9 to 40 p region. 

Both had a resolution of 49 cm -1 . Considerable scatter and differences 
between the two spectrometers in the 12 to 15 TV region makes the measure- 
ments in the CO2 region questionable. 

147 



-” 

n 

“2 

-3n 

I I 
-8O- 

Partly 1 High . --- - 
Clear sky I cloudy I cumulus I Partly cloudy 

I Ascent I I I- clouds -1 
I I I I I I I I I 

5:oo 7:oo 9:oo ll:oo 13:oo 15:oo 17:oo 

14.5p 
JO.3P 

9.63~ 

Time, cst 

Figure 69. Time Plot of Spectrometer Outputs 
[From Ref. 1011 



HORIZON SENSOR FLIGHT PERFORMANCE 

Infrared horizon sensors have been used as the principal attitude measurement 
sensor on many spacecraft since 1958. The Earth’ s infrared horizon varies 
in altitudes and shape from spectral band to spectral band. In addition, var- 
iations are caused in each band by diurnal, seasonal, weather, etc. , condi- 
tions. Even including all of these variations, spacecraft attitude errors due 
to the Earth’s horizon would be less than one degree. Figure 70 shows the 
attitude error for spacecrafts at three different altitudes as a function of the 
error in horizon height. Theoretical and experimental work done to date 
shows that the infrared horizon in the region from 1 to 30 p has altitude 
variations’ much iess than 40 km. 

Many problems have been encountered with horizon sensors trying to reach 
the accuracies predicted for the broad band infrared horizon. Examples of the 
difficulties are shown in the Mercury MA-5 horizon sensor data shown in 
Figures 71 through 75. The response characteristics of the sensor are shown 
in Figure 76. Figure 71 shows the normal scans with negligible cloud effects 
of sun and cloud interference on the sensor operation. Errors of several de- 
grees have been noted from these effects because the sensors tend to lock on 
the edges and track disturbances rather than the true horizon. The sensors 
commonly use a threshold device or similar techniques to define a particular 
radiance level, normalized radiance level, profile slope, etc. , as the hori- 
zon. The Mercury sensors used a fixed radiance level. If the sensor scans 
over theEarth, clouds can cause variations in radiance which will fool 
the sensor logic system. These are really instrumentation errors since 
clouds on the true Earth’s horizon should never vary the horizon more than the 
heights of the cloud itself which would normally be much less than 20 km. If 
the threshold radiance level had been set closer to the space level for the 
Mercury system or if less of the Earth’s region were scanned, the errors 
due to clouds would have been reduced. However, instrumentation signal-to- 
noise ratios limit the threshold radiance detection level. 

An example of improvement in accuracy by lowering the threshold radiance 
level can be seen by examining results from the Tiros horizon sensors. On the 
Tiros series of satellites, sensors in the 2 to 20 p band and the 8 to 20 TV, band 
were used to determine Earth’s horizon crossings and to turn the TV cameras 
on and off. A threshold sensor was used to define the horizon. Missed hori- 
zons were determined by examining the TV data. By decreasing the tempera- 
ture (radiance) at which threshold occurred significant improvement in hori- 
zon detection occurred as can be seen from Table 17. 
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TABLE 17. - TIROS HORIZON DETECTION DEPENDENCE ON THRESHOLD 
prom J. J. Horan, RCA Private Communications] 

Threshold Temperature No. of Missed Horizons 

220 “K 1 to 10 per 1000 crossings 
205 OK 5 to 10 per 10 000 crossings 
200 “K 1 to 10 per 10 000 crossings 
180 “K Essentially none 

The horizons for the various infrared spectral bands occur at widely varying 
altitudes. To obtain better accuracy and reduce the effect of clouds on the 
sensors, it is logical to filter out the spectral bands contributing the major 
variations. In general, spectral bands with high altitude horizons show much 
less cloud or weather variations. Horizons in the 15 p CO2 band for five 

model atmospheres which should produce nearly the extreme variations of 
radiance is shown in Figure 77. Use of a simple threshold detector on these 
horizon profiles should produce accuracies much better than 0.5 degrees. 
Although it has been known for some time that the 15 p CO2 spectral region 

should provide a stable horizon, no horizon sensor systems using only this 
region have been flown to date. Problems in filter production and operation 
with the low signal levels from the narrow spectral region have hindered the 
production of sensors. The Nimbus II horizon sensor uses the 13 to 19 p 
spectral region. High clouds have some effect on this sensor; however, the 
control system response was slowed down to average out much of the cloud 
variations. Attitude errors due to clouds on the order of one degree are still 
noted. 

Once systems are flight proven for the 14 to 16 TV. region, several techniques 
are available for improving the system accuracy. Normalized tresholds, 
slope measurement and corrections, second harmonic tracking, etc., have 
been proposed and are being developed by the sensor manufacturers. As 
part of the Horizon Definition Study, an analysis was made of many types of 
horizon locators and their variations over the set of synoptic horizon radiance 
profiles generated for the 14. 0 to 16.3~ spectral interval. This analysis is 
described in detail in Reference 90. Without exception, the standard deviation 
and spread decrease as the threshold constant decreases which corresponds to 
selecting the located horizon at higher altitudes. Thus, system accuracy 
capabilities are a strong function of instrument sensitivity. This is consistent 
with the Tiros horizon sensor example discussed earlier in this subsection. 
Using the technique described in Reference 91, horizon locators within the 
present state-of-the-art of sensor design can be selected which provide a 
located horizon standard deviation of less than 1.55 km (0.045” from 300 km 
orbit). 

The horizon errors quoted in the previous paragraph were generated from 
horizon profiles containing all of the expected seasonal, diurnal, etc., varia- 
tions. From examination of the curves in Figure 77, it is obvious there is a 
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large systematic seasonal variation. With care, many of the systematic 
variations could be designed out of the horizon sensor system or compensated 
for. To separate the systematic from the random variations, horizon radi- 
ance profiles were generated from meteorological data for one year at three- 
day intervals over Cape Kennedy, Florida. A statistical time series analysis 
done on the horizon locator altitudes for these profiles is described in 
Reference 89. By fitting the located altitudes with a Fourier time series and 
removing the systematic variations, the standard deviation for each horizon 
locator can be significantly reduced. The study has shown that there are 
systematic variations in the Earth’s CO2 horizon which can be removed to 

increase accuracies if sufficient measurements are made to determine their 
characteristics. 
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BIBLIOGRAPHY 

INTRODUCTION 

,’ 
As part of the Horizon Definition Study, a thorough examination of present 
knowledge in the field was conducted. This examination consisted of making 
extensive literature searches and directly contacting groups which have done 
considerable work in the field. The information collected was used to a con- 
siderable degree to provide basic data and background information in the 
course of this study program. The bibliography listed alphabetically by prin- 
cipal author is given in Appendix A. 

The literature searches were based on large lists of key words or subjects. 
Sources searched were the Honeywell Library, University of Minnesota 
Library, NASA STAR, TAB, DDC, and multiple other aerospace, electronic, 
and infrared abstracts. In addition, many documents of value to the program 
were located by examining reference lists in documents already in hand and 
from direct contact with groups working in the field. Copies of all documents 
included in the bibliography are entered in a central file or their location is 
noted such that ready access to the information can be accomplished. 

To simplify the filing system and make the bibliography more usable, a com- 
puter program was written to maintain and update the file. The program has 
the following features: 

1. Alphabetical listing by principal author 

2. Alphabetical listing by source 

3. Alphabetical listing of all authors with serial numbers 

4. Serial number listing of total bibliography for cross-referencing 
with 3. 

5. Sort and printout by descriptor or combination of descriptors. 

The computer program is set up to provide simple entry of additional items, 
information on items already entered, and to increase the number of descrip- 
tors. The bibliography was planned to be carried on and expanded in the next 
phase of the program. 

The format used in the bibliography computer printout was selected to be self- 
descriptive and to be a standard format for all entries. Because a single 
format was used for books, periodicals, reports, etc., blank lines or spaces 
occur in some of the entries. The format is as follows: 
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Authors 

Title 

Source 

Report No. or Description 

Date No. of pages 

DDC or NASA Abstract No. 

Contract No. 

Descriptors 

In some cases, complete information on items such as Abstract No., Date, 
or Contract No., was not available. On the philosophy that some information 
is better than none, these entries were not excluded from the bibliography. 

Each entry to the bibliography was examined and descriptors of the subject 
content of the document were assigned. This allows for easy location and 
sorting of the bibliography by subject. The total subject (descriptors) listing 
used for Phase I is as follows: 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 

10. 

11. 

Atmospheric Physics 

Radiance (Theoretical 15 TV.) 

Radiance (Theoretical. other) 

Radiance (Experimental 15 p) 

Radiance (Experimental other) 

Radiometers 

Horizon Sensors 

Attitude Measurement 
(other than Horizon Sensors) 

Attitude Control 

Spacecraft Structure 

Tracking and Data Acquisition 

12. Spacecraft Power Systems 

13. Mission Profile 

14. Meteorology - Synoptic Studies 

15. Meteorology - Raw Data 

16. Meteorology - Stratospheric 
Warmings 

17. Meteorology - Statistical Studies 

18. Meteorology - Summary Studies 

19. Launch Vehicles and Facilities 

20. Data Handling 

2 1. Data Reduction 
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pFkCRT f”U~BE~,CES;uIPTION: ~01, 21, Nr\. 5, R 573 
DATE: SEPTEMBER 1964 1DP 
rnc CR NASA ho. 

CFSCRIPTORS: 
4. kACIANCE (FxPFRlMFNTAl 1s LJ 1 
5. RADlANCt fExREHItl[ NT81 “1t’Lt’t 

15. PUTHCRS: BANDEENvw. H. 
HANtL,R. A. . LICHT~J. 
STAMPFL,R. A. 9, STROlJD*ki. G. 

cl INFRARED ANC REFLECTED SOI AR r/!n~AT~~N Mt ASIJREMENTS FROM THE 
bTrRC5 11 CETECROLCGICAL SA7EILiTF 
!iOlrPc~ : GOCDARC SrACE FLIGHT rF*‘lFk 
R~t’0kT NtiMBER/CFSCpIPTIClN: 

DATE: 1 MARCh 1961 47PP 
rCc CR NASA NC!. 

rF5CRIPTORS: 
5. RACIANCF (FxPERIMT.NTAl ~THEIJ) 
6. RADIDMLT[ RS 

lb. AUTHCRS: BANDEENrW. R. 
HANtl rR. A. , LTCHT*J. 
S1AMPFL.R. A. , STR0UD.W. G. 

o INFRARED AND RtFLECTFD SOtAw bC~lATIOIC MFASUREMENTS FROM 
q T’:F TIPOS II YETFrRCLoGICA’ <Astt LTTF 
50, ,+?CE: GEOPHYSICAL RESEARCH .l01%~‘Al 
PFHOHT NU~~~ER/CFSCFIFTION: VOI. 66, Nn. 1OtPP 3169-3185 
DATF: oCTO@ER 1961 l6PP 
CCC LH NASA NO. 

rEsc;!PTDRS: 
RACIANCF (FxPFRIMLNTAI “T”LR) 

6. kACIDMtTEh5 

11. AuTHGRS : BARIdES ENFTNFERING COMPANY 
~1 TNFRARED SENSopS FCR SpACFCbAFl G~~IDAGCE AND CONTROL 
SDLRCE: BARNES EFGINFFRING rUt’Pfil!v 
PE~ORT NUM~Ek/CtSC~?lPTlON: 
CATF: 14 FEBkUARY 1966 32PP 
?cC CR NASA NC* 

DFsC;!PTORS: 
HORIZCF: SFNSCRS 

lC&. F, ThCRb: BATFS,D. R. 
DAL1,AkNC.A. 9 MOTSEIWITSCH,B. L. 
5TEr.AhT.A. L. . JARRETTIA. H. 
CI’IhtCI. e RUDGE,I”. 
PATIFRSUR,T. 1.. L. 

L’ Ef$tHFch oh FHY~ICS OF ThF ,,PrLU AT’““S&& 
!?rI:ccF: LUEEhS III\~vER>[~Y CIF vrl CAST 
FFbhT f~L~t~dFk/CEcci:lFiTIoIC: fitchI 4.6-7 
rnTF : 31 ACIGLS~ 1nc5 103FP 
rrC CR KASP hc. &?a407 
Cr?\TI;ACT t%FitiER AI 6I(oP51-78~ 
I?FSCRI~TORS: 

l* ATMOSPbEFIC PHYSICS 
2. HACIAhCt IlhFCRFTIcEL l=. 1’ ) 
3. kADIANCE ITHEOHFTIC~L OT~~F~I 
4* HACIANCE (FXPFRIMLI;TLI 15 L ) 
5. uAtiIAkK: tFXL’f~IPlfr<rf~ ?Tl’tk’, 

189 ME1tCRCLCC.V SI!M’.lAI;y Sr”“,FS 
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24h. PtrTt’cR5: @AXTER*b. F. 
n SIWJLATlCN CF 0.1; AfTITUCt OcTrl;“l”IL’~ SYSTW UTILIZJMG 
MAWEIO~ETERS AF c EARTHS hrrHrZv~ SFNCUR 
yp: u: S. PHFY FnISSlLi rOwlPIv” 
KF UHT ~.UF’~~R/CE~(~:IFTION: q,-~r-h5-11 
r4TE: r.lA$ 1965 24FP 
rnc CR NASA rrc. 466549 

rF!icfi IP7ORS: 
7. HotiI2Ck SFHSCRS 
@. ATT HEAS” (EXCL l.iOPl?tl~’ St”‘SPS) 
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71. 

?A?. 

17. 

3?6. 

4il. 

hUlHLP5: 
MlFhS*R. 7, 

t ClLRlLAL TECIP~RF?!;RF CHAP GF CN IH’E ATMO~P~:;RE &pJELtd 30 A!.D 60 
p K I.’ CVtR WhITE SAh’S5 ‘1)55ILF pA”‘C>F 
5cI.RCE : ATMG5Pt.FF IC 5CIF’NCEq .IOI’C~‘AI 
PFPDKT ~LJMBER/CFSC~IPIION: “01. 27, pp 262-266 
rbTF : MAY 1965 114DP 
r:r?C LR NASA NC. 

rF5Ck IKTGRS : 
14. METEORCI Lr.y - SYNC’PTI qll’IJlE5 
15. METECIHCLC~.Y - RAW DrTA 

bl.TtCKS: 
JCNLSrE. 5. C. 

RFYht3N.k. J. 

r. 5FASmL ‘fARIF ICr15 I”: ThF I Ol.*IU Alrn uppE;; ATMDSPHERF 
:C,sFiCt; GECpt?y5lC:~l. RFSFPR0 .,o,~,~h’A, 
FFpOkT ~~U~~aEk/Ct+f‘l,IpTIDEJ: \‘Ul . 2”6.p;n. 4990.~~ 1243-1245 
I’ATL : 19 JbNt 1Qf.1, 03pp 
r?C LR NASA rKj. 

TFSCkIkTCiR5: 
14. PE1toRctrf.y - SYNCPTIr Ql”L;lEc 

G. 

P~,THLpS: 
L: CbkfLN DICXICF CrhCFMTRAIlU~‘S 

81 SCHOF ,%r. 
I”’ THF l!PPFK TPOPOSPiiFRF AND 

PI cb.LR 5TPPTCSFbf F‘L 
Ssl!RCF: ~ELLUS 
u~kr.kT I,~M~E~/L~SCI:IPT~~N: *VlI.j. PP 398-402 
rfiTE: 1965 05@,’ 
r:Cc CR NASP NC. 

IF5CRIpTGRS: 
1. ATv05~kFkIc PHYSICS 

14. METEORCLcGy - SYNfP+Ir <T’,L;‘~< 

PUTHCRS : BISCHOF~w, 
q VARIATIONS II\: CONCENTRATI”N OF CAPBC’N DIOXIDE IN THE FREE 
oATMCSPHERE 
5OuRCE : TELLuS 
RFPORT NUMEERjCESCRIPTION: Vol. 149 N”. 1. PP 57-90 
DATE: FEBRUARY I962 4PP 
DDC CR NASA NO. 
CONTGACT NUMBER CwP-9920 
cEscHIPTORS: 

l* ATMOSPkERIC PHYSICS 

AIITHORSI BLACKMEk JR.,R. H. 
ALDER.J. E. 

m DISTKIBUTIONS AND CHARACTFRISTIC~ OF “AR&S BROADSCALE AND 
aSPECIAL CLOUD SYSlEMS 
5DURCE: STANFOHD PFSEARCH I~‘5TITLlTt 
REPORT NUMBER/CESCQIPTION: AFrkI.-65-211 

CA%: APRIL I965 117PP 
CCC CR NASA NO. 616295 
cRNTRACT NUMBER AF 19(62B)-1601 
CE~CRIPTORS: 

140 METEDRCLCGY - SYNOPTlr <TI’DIE’ 
18* METEoRCLCCY SUYMARY STU~IFS 
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332. AUTHCRS: BLANKENSHIP~J. R. 
q APPROACH TO CBJECTIVE NEP~JAwIY~IT FHOM AN EARTH-ORIENTED 
$A;$LITE 

’ APPLIEC WTECROLOGY Jnu~hfiL 
I$ORT’NUMBER/DESCRIPTION: VOI . lr DP 581’582 
RATE: OECEMBtR 1967 2PP 
CDC OR NASA NOa 

CFSCF~!PTORS: 
RADIANCE IE%PERIMENTAI pTwEp1 

18. METEORCLCGY SUWAFY 5Tun1 FS 

356. AuTHGRS: BOLINIB. 
B FXCHANGE OF CARPCN DIOX]Df qETkFEA’ THE ATMOSPHERE AND THE SEA 
SOURCE: TELLuS 
RFPoRT NuMEIER~DESCPIPTION: “01. 12, NO. 3, PP 274-281 
CITE: AUGUST 1960 8PP 
Snc CR NASA NO* 

CFqCRIPlORS: 
1. ATMOSPhERIC PHYSICS 

111. AllTHCRS: BORDEN JR.-T. P. 
HERING,*. 5. , MLJENCH,b. S, 
0hRING.G. 

a CONTRIBUTIONS TO STWATOSPubIr ~ETEWOLOG;,~OL II 
SOURCE: CAM&ZICGE RESFARCk ld0.1~~) 
PFPOHT NUMBER/CESC~IPTI@N: fiFr~l-TIV-~“-669 
CATS: SEPTEMBER 1960 205PP 
r~c CR NASA luO* 750586 

CFSC~IPTORS: 
14. METEORCLCC~Y - SYNOPTIC cTI1~lLS 
15. METEORCLOGv - RAW OFTF 
17* METEGRCL C(>y -STATISTICAl =T”DIES 
18. ME 1 E0RCLCc.v SUY~~ARY STIJF 1 FS 

392. AIJTHCRS: PCRCVIKCV,~.. M. 
KOSTAHEVIV. V. 

q ACCUHACY OF RAOAQ HEASUPI”G lq i.1 T~TL!L;E :F CLDUDS 
S?uRCF: AIH FCFCE SYSTEMS C”fii”brrl~ 
pFp0~T MUMB~K/LTSC~~IPT~ON: Flm-TT-b3-539/1+2 

LATE: 18 JULY 1963 9pp 
rnC CR NASA NO. 414640 

CFSCklPTCRS: 
16. ME TEORCLCGY SIIM+IAFY SsUr I c 5 

495. A(lTHCRS: BOUCHER~R. J. 
BC*LEY CC. J. 
RGGERSqC. k. C. 

. WRRITT,F. 5, 
, WEPR,p. F. 

wIDbFkr JH.*K. K. 
q SYNOPTIC INTERPRETATIONS no cI(JI’U V~PTEX G~TTERNS AS OBSERVED 
DRY ~‘ETFoRGLoGICAL SATELLlTFS 
y-l\d2CE: ARACON GFCPHYSICS Cr’. 
RF”OHT MUM~ER/CFSC~IPTION: 
rATF: 1963 
C.r,c CP NASA NO* 
(c~TRAcT NWBEF; cka-10630 
CFsCkJPTORSI 

14. METEORCLCGY - SYNCpTJf ~T”dlET 
16. ME TEGRCLCT-Y SLIW!AF;Y ST(J~ 1 F s 
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270. 

413. 

454. 

74. 

395. 

353. 

AuTHCRS: 
SEATON&. J- 

RoYD*R. L. F. 
. MASSEYIH. 5. We (EDITED BY) 

n ROCKET ExPLOWATICN OF THE UPPFR ATMnSPHERE 
SOURCE: ATMDSPHFEIC AND TERPEFTPIAL FHYSICS JOURNAL 
RFpOHT NuMBEW/CESCPIPTION: WI.. I. FN 551.5 ~4-8 
DATE: 1954 
cnC CR NASA NO. 

CFSCRIPTURS: 
l* ATMOSPHERIC PHYSICS 

14* ME TEORCLOGY - 
17* 

SYbiCPTif zTtfGrES 
CIETEORCLCGY -sTA.TISTIrAI =TIID~ES 

18. METEORCLOGY SUMMARY STWIFS 

AuTHCRS: BDZHEV1KOv.N. 5. 
P RELATIONSHIP R~TwEEN THF HErGu’l UF CLOUD EASES AND VISUAL RANGE 
pPT THE GRCUND 

RCE: AIR FORCE sYcTEMS C~MVAW 
$OiiT NuMBER/CESCPIETION 
l?dTE: 25 OCTOBEP’ 1965 

: FTn-Tl-65-q51r PP l-9 

CDC CR NASA NO, 62P308 
9PP 

DFS;; IPlOpS : 
. METE0RCLCf.Y SUWAFY STUPIFS 

AuTHCR5: 
wr 3uS.E. J. 

tPowr-49 Jw..J. e. 

•I STR! AlOSPHFRIc k!ATER VAPOR S~u~~u~;$f.s AT wC&JRDO SOUND. 
D ANTARTICA* DECF’b:PLR 196@ - FEW’CIIADY 1961 
snuRcE: ATMOSPHEkI C sCIENCEc .!u~~i\~‘Al 
PF”OR’ 1 NuMBEk/CESCPIPTION: v01, 21, Nr’. 6, pp 597-602 
DATE: NOVEMBER 1964 6PP 
rnc CR NASA NO. 

DFSck IPTORS: 
18, . METEORCLCGY SUYMAPY STLJ~ I FS 

AuTHCRS I RPADFIELI-I,L, 
o HCHIZON sENSCP I~IFKA-RED FL~GUT 1F.s~ PROGRAM 
SOURCE : LOCKhEED tdISSILE5 AND SPACE cw?PANy 
pFpOc(T NUMBER/CESCWIPTION: E044la6 

CAlt: 19 OCTOBER 1962 5APP 
rnC CR NASA NO* 

FFscRIPToRsI 
4. RACIANCF (EXFERIMENTAI 15 u ) 
5. 
6. 

RAcIANCE (FXFFRIMFNTAl PTHEW) 
RACIWETLCS 

8uTHCRS : RRANETSIV. N. 
P ACCURACY OF CETEWMINATICN OF ThF vEPTICAL DURING SIGHTING OF 
~THE HORIZCN IN THF INFRAREP PE~IW OF ThE SPECTRUM 
SnuRCE : COSYIC RE~FA~CH 
?F”ORT NUMBER/CES~WIPTION: \‘OI . 3a “‘u. 4, pp 453-465 
*ATE : JULY 1965-AllGusT 1965 13CP 
:nC CR NASA No- 

:FSc;fPTDRS: 
RADIANCE (THEoRETICfiL 1q 11 ) 

3. RACIANCE ~THFORETICAL OTHFR) 
7. HORIZON SFNSCRS 

IUTHCRS: BRAYIJ. 0. 
1 Ar!ALySIS OF THt POssIBLF PEcE~~T CuAhlGE I? ATMOSPHERIC CARBOR 
IDTOXIDE CCNCENTR~TICN 
jC!lJRCE: TELLUS 
,F”oRT NuM8ER/CEsCwIPTIONI ~GI . 1,. Nn. 2, FP 22D-23~ 
:ATE: MAY 1959 1lPP 
‘DC CR hsA hOa 

‘FSC;fpTORS 1 
ATMOSPHERIC PHYSICS 
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237. AUTHORS: RRE1LAND.J. Go 
n VERTICAL DI~TRIPI;TION OF AT’lO+pW~~C 07O’JL AND ITS RELATION TO 
q SYNCFT Ic METECRCLCGICAL CO”DIT~OMS 
SOURCE: GEOPHY 
RFHORT NUMBER/ 
DATE: 15 S~PTEIU@EP 
DDC CR NAJA NC* 
CONTRACT NuMEiER AF l9(628)-7977 
DFSCRIPTORSI 

14* METEORCLDGy - SYNDPTIF .=TllDlES 

SICAL RESEAFCH .IOI~R~‘AL 
CESCQIPT~ON: Vol. 69. W. 18. pp 3801-3809 

1964 8PP 

79. AuTHCRS: BROWNIC. p. 
KtEL1hG.C. C. 

p CONCLNTRATION CF ATMosP~~EPI~ rAPbUN DIOXI& IN ANTARCTICA 
50 RCE: 

t: 
GECPWSICAL RESFARCH ,1O\W’AL 

RF ORT NUMBER/DESCRIPTION: WI. 7n.W. 2;;;; 6077-6085 
DATE : 15 DECEMEER 1965 
cd CR NASA NO* 

CFSCRIPToRS1 
14* METE0RCLDc.Y - SYNCPTlr qTIt’1t.C 
18. METEORCLWy SLIMMARY SW-IFS 

276. 

14. 

3?2. 

PUTHCRS: 
c SlJRVEY OF MCL’FL ATFOSPHEHFS IJ 

RRUCE*W. h. 

nrcF!lTG 
+tD TN Ttit ANALYSIS OF SATELLITE 

-.,. . .._ 
SDuRCF: AEROSPACF CCWPOHATIW 
p~C’0kT NIJMBER/CESCDIPTION: 7D~-~6~~5S~O-101-2 
rnTE: 10 APRIL 1965 
rDC CR P’ASA NO. 

77rP 

CCNTHACT NUMbER cF U4(6951-460 
rFSCRIPTOR5: 

14- METEORCL CC+ - 
IH. 

SYPcvJTIr ~II’L’IE.~ 
METEGRCLCC~~ S~JWARY STUN IF:, 

AuTHCRS: 
c COF”MWTS ON-VPkIfi~ILITY WOLII~ i;v 

BUELL*C. t. 

OCJ HCR CCMFENTS 
W’RLY t.IND SOuNDIMhS-AND 

SC RCE: 
tr PF OKT 

APPLIEC EFTCCRDLOGY Jn~~br.fi~ 

CATF: 
PJcIMBE~/DFSCFIFT~O~!: WJI . 2. E’P BOC)-PI~ 

DECEPbLR 1962 
rDc CR NASA NC. 

03PP 

PFSCRIPTORS: 
14. METEoRCLU~Y - SYWPTI~ T_TIILJ~s 
17. t4~T~0RCi.f (.Y -STAT I5TI’“l ST”D7ES 

AIITHCRS: . f3l~ET~NFfi.r. J. K. 
KtHN,C. D. 

u CF~FRYINATION CF INFRARFD E’*IcSIVIT~LS CI ‘TFRRFSTRIAI SURFACES 
* ~EcPHYsICLL RESLARCH .~DII~~‘LI 

~~~~~:'~J~MBEF,~ES~WIPTI~N: vol . 7”. N”, br &‘P 1329-1337 
FATE 1 15 MARCH 1265 9PP 
CCC CR NASA NC. 

rF5CHlpTORS: 
1. ATMDsP~ER~c PHYSICS 

476. A(;THCR5: 
KAT~AROS,K. 

WETTNEF.Y. Jo K. 

b (;5L OF INTFRFLCJATF INFFAPE~ nw 
, KRE1SS.k. 

q SATELLITES 
‘I~KO~AVE IFlFRARECI 11,1 WEATHFR 

X1,RCF: uNIvtR5I~y OF wk+I~,ro~~ 
FF~OHT ?.W%tR/CE~CRIFl IOH: 
PATE : 5~ PTbMbLR 1965 5@PP 
CCC LR NASA NO* CF-68794 
cC;NTkACT NUMBER NASA ~~56-637 
rFSC;!pToRS: 

RACIANCE (FxPER~~E~TAI PTb’EnJ 
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1~. ~wTI-CRS: 
LI PuWtR-RAM0 ~@PI?CK SENSOP 
WuRcE: BUNKER-RAW COPPOFATI~N 
RFVORT N~WER/CESCRIPTICN: 
rbw: 
CDC CR NASA NC. 

~FsCRIPlORS: 
7. hoRI2CN 5E?GSCRS 

BLINKER-RAW CORPORA1 ION 

13PP 

75. 6uRN.J. w. 
L”XFE~:~ATION CF irk spECTRrL A~‘c S”ArIAL CHARACTERISTICS OF TI,~ 
q FARTHS IkFRARED ;:CHI%I TO hWl.Z”~ SCANhEQS 
Sflt,RCE: IEEE TRAPWCTIONS 0 *’ AEG’PAcF-SI:P~CUT CONFERF~JCE PROCtDuRES 
FFI’OHT N~MEEK/CESC~IPTION: PP 1115-1176 

FATE: 1963 
p:gC CR NASA NO. 

CFSC;;PTURS: 
RAOIANCF (THEoRETICbL 1G 1’ I 

69 PAcIGMtTF95 
-I* hoRI2OK SC”.SCRS 

140 CElEGRCLCCY - SyhOPTIr =.Tlli/lF~ 

95. ALTHCR~: F?uRN,J. w. 
~1 IF!FPARED tiOR12(1b~ FOR MOGFL Arl’nS”hrRFS OF THE EARTH 
$?l,RCF: PRCC, FIFST SyY, -INFRAR~L. sFN5ORS FCP SPACECRAFT GUI@. l CONTROL 
FF~oRT N@BE~/EFsTRIPTION: WJ 3-14 
CATE: 1965 1ZPP 
CCC CR NASA NO* 

CFSC;!PTCRS~ 
kACIANCt (ThFORFTICfiL I= ” ) 

30 HA~~IANCE (T)~FCIRETIC~~L OTHFWI 

279. AIITHCR~: auRN,J. pi. 
0 FLkClkL-CPTICAL DtSI6N OF ~,nRrZPh SrNSrRS 
SC~RLE: TECH. PAP~HS - 1lTH Aw. F. CnAST COVF. ON A~Ro.*NAv.ELEc,(IFEL) 
PF~ORT NuMBER/CEScaIPTION: PP 1.4.5-1 - 1.4.5-10 

cATF: 21.22123 GclCriEP 1964 1OPP 
rcc CR NASA NO. 

rFSCCIPTGRS: 
7. ,,OKIZCjk SFh’SCl?S 

354. PL’THCRS: 
q AMOUNT of CARRON DIOXIDE IN TIE ATMOSPHERE 

CALLENDAR~G. 5. 

5OllRCC: TELLUS 
RFPORT NL%3E~/CESCRIPTION: VO( 101 hlo. 2, PP 7~3-7La 

-7--m . . 

CATF: MAY 1958 AP” 
k&CR NASA No. 

rFSCkIPTORS: 
1. ATMOSPHERIC PHYSICS 

-. 

37i. AUTHORS: 
D ALEIEDo AND EARTH RADIATION 
SOURCE: SPACE MATERIALS iiA~f~n0~ 
RF~ORT NUWER/CESCRIPTION: A5-174~4~ pp 39-50 
cats: 1965 
r:gc CR NASA NO. 

1 ZPP 

CONTRACT NUMBER AF 33(657)-10107 
CFSCRIPTORS: 

l= ATMoSPhEH1C PHYSICS 
2. RADIANCE (ThEORETICFL 16 ,I ) 
3. RADIANCE (THEORETICAL OT~FR) 

IO* SPACECRAFT STRUCT~RF 

CAMACK,IU. G. 
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76. AUTHCRS: CARLETON .N. P. 
q R LATION OF TH REC NT AT”OSp+QIC pUST r!EASUREMENTS OF vOL2 
DAN ii GOODY To Td oRCgLFM OF ~‘ETE~R~C INFLl!x 
SflljRCE : ATMOSPHERIC SCIENCE? .IOI.~R”‘AL 
RFPORT NUMBER/CESCQIPTI~N: \~OI. 19.~~ 424-426 
CATE : SEPTEMBER 1962 03PP 
CDC OR NASA NOD 

CFSCRIPTCRS: 
1. ATMOSPHEPIC PHYSICS 

135. AUTHCRk.1 CARPENTERIR. 0. 
WIGHfmJ. A. . QUESAOA,A. 
Sh1NG.R. to 

cI PRI=DICTING INFRAwEC MOLEC!IL~~R ATTFHIIATIDN’FoR LONG SLANT PATHS 
•1~1 THt UPPER ATCOSP~ERE 
so IRCE: 

b 
CAMBRICGE RESEARCH CE~~TFKIAIK FCRCE) 

RF CRT NuMBER/CESCPIPTION: 51~6 
f-ATE : 1 NOVEMBER 1957 62pp 
COC CR NASA No. 150825 
CONTKACT NUMBER AF 19 (604) -24DG 
CFSCRIPTORSI 

1. ATMCSP~EKIC PHYSICS 
20 RADIANCF (THFORETIC~L IG 1’ ) 
3. RADIANCF (THEORETICAL OTHFRI 

18. METEORCLC(,Y SLJYI’ARY 5wJp I FS 

ln4. ALITHCK5: CAvENEYqQ. 0. 
q sFCONO-HARMCNIC EDGE-TRACYtP “0’170~ SENSJQ, FIXED-POINT TYPE 
sn(l~CE: PROC. FIKST SYM. -1NFRflRFD SFN<OpS FOR SPACECRAFT GUI@. + CONTROL 
RFIORT NUMEER/CESCRIPTIONI “P 117-1~1 
OATE: 1965 15PP 
CDC CR NASA NC. 

CESC~~PTORSI 
HDHIZOh SFF’SCRS 

176. au~WRs: cHAMP1ON.K. 5. W. 
q vEAN ATMOSPHERIC PROPERTIFS I bI ‘IHF DANGE 30 To 300 ,!hq 
SfwKCF: cAMBRrCc,t Q7tSEARCH I An. fAF) 
PF~ORT NUMBEK/CFSCQIPTION: ~F~RI -f.5-4/,3 
CATE: JUNE 1965 43PP 
roC CR NASA NO. 

rFS:;IPTORS: 

1&l: 
METEcRCLPGy -STATISTI~AI ql”i~?ES 
METEORCLCGY SLJYMAPY STtJp IFS 

1’17. AljTHCRS: CHAMP 
HIN2NtR.R. A. 

p PRCPUSto RtvlSICIN CF U.S. ssAn’l)fiRn fiTI*;oSr,C:FRF 90 
sc~!$E: CAMBKICGt: QESCARCh IA”O@ATOrIFS~Alo FORCF) 
RFpOKT NIJMBER/cFSCRIPTIONI AFcRI-~z-RPZ 
PATE: JULY 1964 37PP 
~DC CR NASA NC. 2R5019 

I0h.K. 5. k’. 

To 7no KM 

~FSCRIPTORS: 
18. METEORCLOGY SUMMARY SrU”IrS 

77. AUTIICRb: CI’ANEY * L. k. 
~1 FAHTH KADIATlOr, VEASUKEMEhlT< my ~“TFRFLRCMFTER FRop A HIGH 
q ALTITuOE eALiCoh 
SC-! RCF: PRCC.-THIRD SYMPOSIII~ 0 
REPORT NI,MBEK/cFSCRIPTION: 

hl PEVTE SVISING OF ENVIRONMENT 
ho&4-9-x. 1’P 275-744 

CATF: FEBRUAKY IQ65 2OPP 
poC CR NASA NC. 
CONTRACT NUMBEH r<ASR-54 (03) 
CESCRIPTORS: 

4. RADIANCE (EXPERIMENT& ‘5 U ) 
5. RADIANCE (FXPERIMENTAI nlp’tP) 
6. RADIOMETERS 
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347. 

471. 

4n7. 

113. 

177. 

78. 

AL’THCRS: CLAPPIP. F. 
P GLcBAL CLOUD CCVER FOR SE@Sw c ‘JSINr- TIRCS NEPwANALySlS 
SOURCE:-MONfkiLY k.~All+R RFVlku 
EFWRT NUMBER/CESCPIPTI@N: \/@I.. 97, Nm. 11, PP 495-507 
CATE: NOVEMBER 1964 13PP 

rnC GR NASA NO* 

CFSCRIPTORS: 
17. METb+?CLcGY -Statistical 5Tl1DlES 

oUTHCRS: CLARK,G. 
F”CCoY*J. Go 9 

~1 MEASUREMENT CF ~TRATOSPHEP~~ TE”PFR~~TuPE 
_+nl:RCE: APPL I EC WTECROLOGY JnuwvflL 
PFI’ORT NUMBER/CESCRIPTION: \‘Ol . 49 L’O. 3r PP 365-370 
CATE : JUNE 1~65 6PP 
Cd CR NASA NO* 

CFSCWIPTORS: 
18. METEoRCLcGY SUMMARY STW I f=S 

AUTHCRS: CLAusS,J. PO 
m PEI ATIoNSHIP RET~.:EEN TOTAL rLn~” %nu~!Ts ANO ORJECTIVFLY 
q I)FF INED SYNOPTIC PARAMETF.R~ 
SOURCE: UNIVERSITY OF BERLIh’ 
RF”‘ORT NuM~~ER/CESCQIPTION: hFrRl-A3-868 
CPTE: 15 FEBRUARY 1963 74PP 
CCC CR NASA NO. 415322 
CnF!TRACT NUMBER AF 61(052)-‘46 
CFS:$PTORS: 

18: 
METEoRCLC~~Y - SYNOPTIr cll’DIkS 
METEORCLCGY SUWARY Swr\l~S 

AIITHCRS: c0LE.A. E. . 
KANT0R.A. J. 

r~ AIfi FORCE INTERIM SUPPLFMFNTAI ~~TI’OSPHERF; TO 90 KILc~~TERs 
SOL:RCE: CAMBRIDGE RESFAyCH IA~~DAT~u~FS (AIR FOR(E) 
RF”OWT NU&IER/~ESCRIPTION: ~F~PI-63-936 
PATE : DECEMBER 1963 37PP 
rnC CR NASA NO. 

CFS:;IPTORS: 

18: 
METEORCLn6Y -sTATISTI~AI ~TI~DTES 
METEORCL OGY SUMMARY SW” 1 FS 

AUTHCRS: 
KANT0R.A. Jo 

C0LE.A. E. 

~1 HORIZONTAL AND VERTICAL DTSTRTBIITIOMS OF ATMOSPHERIC DENSITY, 
WJP TO 90 KM 
souRCE: CAMBRICGE RESEARCH LAP,(AF) 
REPORT NUMBER/CESCRIPTION: AFf#-h4-483 
PATE: JUNE 1964 25PP 
nnC OR NASA NO. 

EFSCRIPTORSI 
1. ATMOSPhERIC PHYSICS 

ii: 
HETEORcLOGy -STATIsTIrAl GT”DIES 
METEORCLCGY SUMMARY sTU~IFS 

AUTHCRS: 
HAYN1E.k. H. 

q MEASUREMENT CF 15-PICRON MOD 
SCURCE : EASTMAN k.ODAK COMPA”‘y 
RFPoRT NUMBER/CESCRIPTION: 7-a 
CATE: 1 MARCH 1963 
nnC OR NASA NC. 
roNTRACT NUMBER AFn4(695)-160 
CESCRIPTORS: 

4* RADIANCE (FXPERIMENTAI 
69 RADIOPETERS 

,170”’ I?ADIANCE*F ‘ROM 

112 
56pP 

15 u ) 

COLI -1NGE 

A SA 

rJ. p. 

TFLLITE 
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79. 

235. 

103. 

242. 

31. 

AuTHCR5: 
II CLEAR AIR TUREULENCF DETECTIOM 
SOURCE: IEEE SPECTRUM 
RE”ORT NUMEEl?/CESCRIPTIONI PP SC-61 
DATE: APRIL 1966 
DDC OR NASA NO* 

COLLIStR. T. t-I*. 

06PP 

CFSCRIPTORS: 
19 ATMOSPHERIC PHYSICS 

AUTHORSI COMMITTEF ON EXT. TO THE STD. ATMOSPHERE 
q u. 5. STANOARO ATMCsPHERE( 196?- ICAO STANDARD ATMOSPHERE TO 20 
pKILoMETERS* PROPOSEC ICAO FXTE”sIOM TO 32 KILOMETERS, TARLES AND 
q DATA TO 700 KILOMETERS 
SOURCE: CAM&I&E RESEARCH IAFOpATouI~S IAIR FORCE1 
PEHORT NuNSER/DESCUIPTION: 
CATE: 1962 278~~ 
CDC OR NASA NO. 401813 

CFSCRIPTORS; 

1:: 
ATMOSPHERIC PhYsICs 
METEORCLOGV -STATISTI~A? ~TIIDTE~ 

18. METEORCLOGy SLIMMARY STUD I Fs 

AuTHOR5: 
p FARTH SCAN ANALOG SIGNA 

CONaAfH,R. J. 

OEXPERIMENT ANC THEIR APP t 
6tl ATIONSHIPS 1’~ THE TIROS PAOIATION 

IrATION I 
USENS I&G 

” THF PFOPLEM OF HoPIZON 

SOIJRCE: GODDARD SPACE FLIGhT CEL’TFR 
RFMORT NUMBER/DESCRIPTION: 
CATE: JUNE 1962 21PP 
CDC OR NASA NO. TND-1341 

CEsC;!pTORS1 
RADIANCE (FXpERIMENTAI nlt.iLR) 

6* RADIOMETERS 
7. HORIZON SENSCRs 

AUTHORS: 
D sPACF PROSES AND PLANFTARY rxqn~fiTtoN 

c0R~1Ss.w. R. 

sO(JRCE 2 Dm VAN FI@sTRAND COMDAhtY, 1~. 
wpoRT NUMBER/DESCRIPTION! 
CATE I 1965 54ZPP 
co< OR NASA NO, 

cFsC?F 
6. 
9. 

IO. 
II- 
12. 
130 
19. 
20. 

‘TORS I 
HORIZON sENSCRs 
ATT MEASMT (FxcL HOoI7oc’ l E”SDS) 
ATTITuCC’ CONTROL 
SPACECRAFT STKUCTURF 
TRACKING AND DATA ACOI~I~ITION 
SPACECRAFT pCWFR SY?T!=Mc 
MISSION PROFILE 
LAUNCH VEHICLES AND FACILITIL~ 
DATA HANDLING 

AUTHORS 1 
HERING*N. S. 

CRAIGIR~ A. 

q STRATOSPHERIC LUARMING OF JArllJ~~y-FtaRIIARy’I957 
SOURCE: METEoRCLOGY JOURNAL 
RFFORT NUMBER/DESCRIPTION: VOI. 16.~~0.2~ PP 91-107 
CATE: APRIL 1959 17PP 
Id CR NASA NO* 

CEsCHIpTORS~ 
16. METEORCLOGY - STRATO wApEi 1 iur,S 
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73. 

32. 

274. 

3n4. 

216. 

AuTHCRS: CRAMERlkr. P. 
p INVESTIGATION CF TIME CHAMGFS Ifi’ cLnUDS FD~ERVED OVER THE GuLF 
FJOF MEXICO AND CARI@i?EAN SE0 nUnI”‘G THL PERIQD la-23 JIJLY 1961 
SRI:RCE: TEXAS A+r uNIvERSITy 
RFKORT NUMBER/CESCPIPTION: 
CATE: MAY 1963 ezpp 
DDC-CR NASA NO. 415811 
cDNTRACT NUMBER AF 19(604l-p4~0 
DFSCRIPTORS: 

18. METEORCLOGy SUMMARY STU” 1 F s 

AIJTH(;RsI CPUTCHEk.H. I.. 
HAtRsL. 

p COMPUTATIONS FfW~ ELLIPTI~AI wIMD DISTRIRJTION STATISTICS 
5IluRCE: APPLIED METECROLDGY Jn(JplrfiL 
RFKORT NuMSER/CESCI?IPTION: ~DI. lr pP 522-530 
PATE: DECEMBER 1967 D9PP 
Cnc CR NASA NO* 

DESCRIPTORS: 
. METEORCLCGy ‘~TATIsTI~AI 5TJ’DlE5 

AuTHCRS: CIJRTIS~A. R. 
GCODY,R. M. 

p THERMAL RADIPTION IN THF: rJPnEp ATKo5pHFJ?F* 
EO ,RCE: 
-b 

ROYAL !jOCTtTY OF LO’!DnN PpOcEFuING5 
PF ORT NuMBER/CESC~IPTION: “01.736.~‘. NO. 1205r PP 193-206 
DATE l 2 AUGUST 1956 14pp 
Cd CR NASA NO* 

r!FSC~!PTORS: 
ATMOSP~EKIC PHYSICS 

2. RAOIANCE ITHEORETICaL 15 ” ) 
18. ME IEORCLGGy SuMMARy STlln I F5 

PuTHCRS: DAVEaJ. V. 
MATtEFI,C. L* 

p DETEkMINATIoh CF OZONF PAPA”ETLQ~ FpOt’ MEL5uREMENTs OF THE 
~RADIATION BACKSCATTERED SY THE E”RTHS ATFLCSPHFRE 
5nl:RCE: NATIONAL CEhTER FOR AsMn5p~+KrC RE~EPRCH 
pFKOKT NUMEIER/CF~CVIPTION: 

DATE: 29PP 
IYDC CR NASA NO. 

nF5cHIPToR5: 
1. ATMOSPhEkIC PHYSIC5 

AuTHDR5 I 
VIEZEE,w. 

q VOGEL FOR COKPUTING INFRApEn TK~NsMISSION’ 
WATER VAPOR AND CARPON DIOXInE 
50 RCE: 

b 
GEOPHYSICAL RESEAFCH .IUIIRMAI. 

RF ORT NUMDER/CESCRIPTION: Vol. 69, Nn. 18, 
FATE: 15 SEPTEVRFP 1964 
CDc CR NASA NOI 

1opp 

CcNTRACT NUMBER HA5 s-2919 
CEsCRIPTORsl 

1. ATMOSPHERIC PHYSICS 
180 METEORCLCGY SUMMARY sTUpIF5 

DAVJS,P. A. 

THROUGH ATMOSPHERIC 

PP 3785-3794 

3r)l. AJJTHORS : DAVISIP. A. 
VIEZEE~~. 

p J+oDEL FOR CO~PLTING INFRARED T~nn~KI55IDN’THRouGK ATMGS~~ERIC 
pkATER VAPOR AND CARAON DIOUI~E 
+flLJRcE: STANFORD RESEARCH I%TI7(ITt 
FF”ORT MU~~~EK/CESCRIPTIONI $I 4196 

: MARCH 1964 
Fi;zEoR NASA No. Nb5-27293 

25PP 

CCNTRACT NUMBER NPS 5-2919 
CF5CRIpTORs: 

1. ATMOSPHERIC PHYSICS 
lam CETEORCLOGY SUMMARY STUnIFs 
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248. AUTHCRL: 
DAVlStW. D. 

•I COMPC,TER PROGRAB! TC lMPROvk STAnA” STATION SC.HEDUL~NG 
Sfl,,RCE: GODDARC s~ACF FLIGHT ~EMTFR 
~FI’oRT N~‘BER/CESCRIPT~ON: 
c9TF : APklL 1966 3hPP 

r.oC OR NASA NO. TM X-1230 

~zFsCRIPTGRS: 
11. TRACKJNG by0 DATA ACGI~~~I~I~~N 

34. AUTHORS: 
DE FR1ES.P. Je 

~1 HOKI~ON SSNSCR PFRFORMA~CF IN MFAsU~IFIG PLTITUDE APOVF THE MOON 

SOURCE : NASA 
PFIJOHT NUMBER/CESCRIPTION: 

LATE: JULY 1961 2OPP 

COC OR NASA ~0. ~K-o-6@9 

cFsCRIPTGRS~ 
7. HORIZON SLPSCRS 

33R. AUTHORS; 
q ANALYSIS OF NWEQICAL CLOIQ F?KFCbSrS 
SOUPCE: ST. LOLJs uNIVERSITV 
FFkORT NIJMHER/CESCRIPTION: 
CATF: 1965 
CRC OR NASA NO. 620439 
I-OI\ITRACT NUMBER Al 33(6081-1115 
CFqCRlPTORS: 

51PP 

33 . 

-14. METEORCLCGY - SYNOPll~ CTl’DlES 
17. METEoRCLCGV 
18. 

-STATlSTlrbl STl’blFS 
METEORCLOFY SUYMARY STIJPIFs 

DE MICHAFLS,R. E. 

PUTHCRS: 
q ATTITUDE D~TEKKI~~ATIoN FROM T’RnS 
SOURCE: GODDARD SPACE FLIGHT ,-L*~TFR 
PFKOKT NIIMBER/CESCUIP~ION: 
CATE : MAY 1964 
Cflc CR NASA NO. 
CONTRACT NUMBER NAS 5-1204 

DE4N.C. 
P~GTOGHAPHS 

34PP 

CFSCKIPTOR~: 
a* ATT MEAWT fExC1 t+o~lxy~ 5tblSs5) 

4?2. bI)THCR5: 
•I rElGHTS OF TCP5 cF CU CLOl’Ds PVFK Ib’t)lA 

DESHPANOEID. v. 

INDIAN JQlRNAL OF MFlFfw$Or.y AND GECpHySlCS 
* WI, 

CATF: JANUARy 1961 
11 PP 29-32 
4PP 

rnC OR NASA NO. 

CFsCRlPTtiRS: 
18. METEoRCCCGY SUYMAFY STUP IFS 

423. AUTHCRS: 
m LJNLSJALLY HIGH NORbFSTER DA~AP cLnL? 

DFsA. C 

SOURCE: INCIAN JOIJRNAL OF MFTFODO~OGY AND GEGPHYS,CS 
PFkCRT WMEER/CFSCQIPTION: WI. ,p, W. 3, pp 359-360 
r.bTE: JULY 1959 
CnC CR NASA NO. 

2PP 

I?FSCHIPTORS: 
18. CI~TEGRCLOC~Y SUMMARY STWIFS 

334. 4uTHCRS: DENA. C. 
p ulGH RADAR CLOUDS PROVE 1f’K” 
SCuRCE : INDIAN JCLlFb:AL OF MFTFO@O’ Cr.Y Ab’c GEOPpYSlCS 
RFKOkT NIJM~~ER/CESC~~IPTION: \~OI. 14, hP. 3, PP 327-330 
rATF: JULY 1963 4PP 
cnC CR NASA NC. 

CFS;R61p~ORS: 
. METEORCLCGr SUYMARY STW l F S 

--- 
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471. IuTHCRS: DE*A. C. 
RAK5HITwD. K. 

p pACAC( OBSERVATIONS ON THE F~IR%T~~~N OF CuAuLuS CLOUDS NEAR 
pCALCUTTA OURING THF ‘4ONSOGN <Er5”~ 
SOURCEI INDIAN JOURNAL OF MrTFOpOl OCY AND GEOPHYSICS 
RF ORT NUM~ER/CESC~IPTION: VOI. 17rW, 2, pP 289-298 
PATE: APRIL 1961 
rnc GR PASA NO. 

1opp 

~FSCRIPTORS: 
18* METEoRCLCGY SUMMARY ssup1F5 

1n9. AIJTHGRS: 
CuRFMAN,H. J. 

DODGENIJ. A. 

p SUb’MAPY CF HCpIZcN DEFICITIW 5~u”IFs BEl;uG UNDERTAKFN RY 
oLPNGLEY REStAPCh CENTER 
5@l~~cF: PRoC. FIRST SYM .-INFRbHFL sFN%cJPS FOR 5PACECFAFT GUID. 
pFpoRT NUMBER/GESC~IPTION: PF 2?3-239 
rATF: 1965 7PP 
cot OR NASA NO. 

* CONTROL 

CFSC;!PTORS: 
RADIANCE IThEORElICfiL 14 ” ) 

4r RAcIANCE IFXPFRIMENTAI I5 L ) 

197. PUTHCRS: 
F rELTA LAUNCH VEHICLE 
SOURCE : GOUGLAS PIpCRAFT CO., INC. 
RF~oRT F!UMBER/CFSC~IPTION: W-43616 
CATE : JUNE 1963 
CCC CR NASA NC. 

DouGLA5 AIPCRAFT CO.* INC. 

45PP 

PFSCRIPTORS: 
19. LAUNCH VFHICLFS AND F’CTLI~IE= 

198. PUTHCRSI DOUGLAS AIRCRAFT CO.* INC- 
p cELTA SPACECRAFT CESIGN RFSTW~“TS 
5nuRCEl DOUGLAS AIRCRAFT CO.9 Ik’C. 
RF~ONT NuMBER/CESCRIPTION: ZM-473h7 
CATE: JULY 1964 8OPP 
CDC CR NASA NO* 
CcNTRACT NUMBER NA5 7-220 
CFSCRIPTORS: 

:t* 
SPACECFAFT STRUCTURF 

. LAUNCH QHICLFS AND FACILITIES 

199. bulHCR5: DOUGLAS AIRCRAFT CO., INC. 
p nELTA AND IMFRCVFD DELTP tXc1r.h ALID CAFARILITIES 
SOURCE: DOUGLAS PIFCRAFT CO., Ih’C. 
pFpOt?T NUMBER/CESCFIPTION: ‘M-4c243 
CATE: AUGUST 1964 
DC6 CR NASA NO* 

CFs;;IPTORS: 
. LAUNCH VEHICLES AMD FACILITIES 

‘15. AuTHCRS: DRAYSONeS. R. 
p ATMO~PKERIC TRAk5MI55lON IN THE Cc’(?) BAb’D5 RETNEEh 12 MICRONS 
c!AtiD 16 MICRONS 

: APPLIEC OPTIC5 
:%:: NUMBEp/DEScpIPTION : VOI . 5*Nn.?,FP 385-391 
b A T E .:. MARCH 1966 
f-DC OR NASA NO. 

07PP 

I?FSC;!PTORS: 
RADIANCF ITHFoRFTICFL 16 (1 l 

3. RADIANCE (THEORETICAL DTHfRl 
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211. 

356. 

36. 

SECPE ;“- 

40. 

AUTHCRS: DRAySON*s. R. 
R PTMOSPHEWIC SLAr’T PATH TRfirrWrbS]% IF: f~k 15’MICRON Co121 BAND 
SOURCE: MICHIGAK, I!N!vERS!TV nF 
RFVORT N~~%EK/CFSCRIPT!ON! 
RATE: APRIL 1965 104PP 
Cl+ OR NASA NO. TN D-2744 
CONTRACT NUMBER NA.sR-54 (03) 
DFsC;;PTORS: 

ATMOSPhERIC PHYSIC5 

12 
RADIANCE LIHEORETICAL !,TtiFKj 
METEORULWY SUMMARY STUPIFS 

AIJTHCRS: 
SIEPHENSIJ. J. 

R UIND AND TtMPERATURE IN THt ATWsb’HF 
WUARTERLY TtChNICAL REPORT Nn. 21 
+flI!RCE: UNIVLRS!?Y DF TEXAS 
!$‘“T NUMBER/CE~CRIPTION: 

- 1 JULY 1965-30 SEPTFMP~P ~965 
rgC CR NASA NO. 479097 
CONTRACT NUMt?ER DA-23-072-A~*C-l=64~ol 
CFSCRIPTORS: 

111. METEoRCLCG~ SUMMAPY STU~!F~ 

‘RE Ed 

6PP 

DUCHON, 
JEHNIK. 

wEFN 30 KM - 

OuThCRS: DUNCAN, J. 
q uO~IZON J)ETECTI@N T~CHNIQI’EC ~kr1V~g~~\16 0.05 DEGREES ACCURACY 
RAT LOW SATELLITE ALTITUDES 
sq,RCE: PRCC~DLREF IRIS 
FFvoRT fiUMNER/DEsCRIPTloN: VW. ‘b F’c;. 1. PP 155-159 
CATF : JANUARY 196~4 
tDc CR NASA NO* 

rFSCR!PTORS: 
2. RACIANCC IThECRETICAL lc ” I 
7. hOR!zC~ s~“‘StRs 

hU7HORs : 
P INFRARED HORI2Oh sE.MsC’Rs:“E~.C 

CUNCANIJ. 

SouRCE : UNIVERSITY OF M!CHI~A~l 
Dl”TIGL’5 cF CLASS!FIF.C. ]b>STRUtdFNT5 

PF~ORT NUMBED/CESC~IFTION: 73~9-fin,~l 
CATF: APRIL ..- 1965 -’ .~ 
rnc CK NASA lu0. 
Cr)klTRACT NL~MBEI. F:IINP 1224 (17) 
CFSCRIPTORS: 

6. RADIoY~T~Rs 
7. hOR!ZOFi 5Fr.‘SCR5 

bUTHCRb: 
WGLFE.W. 
&RN v J. 

p !NFRAR~D HOR!ZCr. sENsOR5 
?oURCE: UNIVERSlly OF M!CHICA@~ 
PF~ORT N~JMBEK/CES~KIPT!ON: 73nsbn-T 
CATi : APRIL 1965 
‘YOC CH NASA NO. F.AvSC p-2481 
CONTRACT NLMBER ~QONR 1224117) 
rFsC;;PTOR5: 

RACIANCE (THFDRETICfiL 1’ 1’ 1 
3* KACIANCE (THEORETICfiL 01~~~1 
4. RACIANCE (FXPFRIMINTAI 15 U ! 
5. RADIANCE (F%PtR!~~tNTAI PTUEQ) 
6. RACIOMETLRS 
7. HORIZON 5FNSCR5 

44PP 

D!JNCAN.J. w. 
, oPPFL,G. F. 
* 

314pp 
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275. AI:THCRS: 
v (-L?CNF AND GEh’FpbL CIRCULATInN Ifi’ 

DuTSCH,H. II. 
THF STR~~TOSPHERE-FlhAL RFPORT: 

DvFRT ICAL GZONE C ISTRIP.l!T IOF’ nVcF: A’WqA 
so[:PcE : CAMBKICGE FESFARCh CEhnTFC (/ilP FCPCF 1 
pFpoRT NuMBER/CESfqIPTIoN: ?FCKc-TR-59-790 

CATE: SEFTEMBER 1959 45PP 
CCC tip NASA hOm 230332 
CONTRACT NI,MBER PF 61l514)-00s 
CFS:;IpTORS: 

18: 
METEORCLGGY - SykOPTIC cT”LjrE’ 
METE0RCLor.Y SUMMARY STIJ~ I FS 

35R. AUTCIoKs: DI1TSCH.h. II. 
n VEkTlcAL OzOkF DISTRIWTI~N 011tp fiR0s~, AUGUST 1963 - 
nCFCEMhFC( 1964 
T-o(:RCE : LICHTKLIPPTISCHES o~s~p\~/IT~~~I~f.l 
FFWRT MIJMBER/CESCQIPTION: ~~rdt -1.3-419 
CATE: MAKCh 1965 72PP 
rC( CR NASA NO. 619251 
cwTRfic1 N~BFF; PF-tcAR 62-l 1~ 
rFSfKIJJToRs: 

1. ATMOSPkEklc FHYSICS 
18. ME~ECJRCLWY sUMtAAPy ~TIJ~JPS 

41. dUTHCpS: EARLEqh’. D. 
0 INFRQRtD tiCRIzC,r~~ SENSOR A~CIIW~CY IN ,I<F AT~OSP~ERI( APS”RP,IoN 
V9PMGS 
sc@CE: AEROSPPCE CCRPOPbTI”fS 
PFpCkT N~MEER/CESCKI~TI@N: 
CATF: JUNE 1964 41D? 
CDL CR NASP NO. 460971 
co!\‘TKAcl NUMBES AF 04 f695) -760 
CF~CRI~lOR5: 

7. hoRIZOI< :Fr.,SCKS 

5 5 . AuTHCRS: 
CCkF. 

EbRLEvY. P. 
D rORI2ON SENSCRS ANO HORIZnN PotiI-11 E MEASUKFMFNTS 
ccl,RCE: AEROSPACF CORPOPATI~~N - 
FFPOHT M~~BE~/CEsrp1PT~0N~~TO~~~~6~~5l~7~3~~~l 
r.ATE: FEBRuARY 1965 24Fp 
COC CL’ PIASP NO. 35n66A 
Ccr’TCAcl NUMBER AF 04 (695)-‘60 
CFSC;IPTORS~ 

. RADIANCF (THEoKFTrCnL 15 ‘1 I 
49 RAcIANCE (EXPFRIMCNTAI 15 b ) 
7. HORIZON SEWSCKS 

3r4. A~:THCRSI 
STEPHENS,J. J, 

EDDY *A. 
t n4RAG4N.b. R. 

JtHN,K* He 
D kIND AND TEMPERATURE IN WE ATMWWRE A&EN 30 AND 80 KM - 
wUAHTERLY TEChNICAL REPORT Nr’. 17 
SCWCE: UNIVERSITY OF TFXAS 
PFPORT NIJMBER/cFS~QIPTION: 
rnTE: 1 JUL; 19;4130 SEPTEM~EF 1964 21PP 
ccc CR NASA NO. 479093 
CCNTRACT NUMBER CA-23-072-0~D-l=~4 
CFSCRIPTORS: 

18. METEoRCLCGY SUMMARY STUDIFS 

3n5. buTHCRS: 
STEPHkNSmJ. J. 
JEHN,K. H. 

a WIND AND TkMPERPTURE IN TUE ATW~ 
QIUARTERLY TECHNICAL REPOPT Nm. 19 
Ect:RCE; UNIVLRSITY OF TFXPS 
PF~OKT NuWER/CEsCr?lPTION: 
CATE: 1 JANUARY 1965-31 MbRrH lQ65 
cnC OR NASA NO. 479095 
CoWTRACT NUMBER DA-23-o72-o@D-1564 
CFSCRIPTCRS: 

17PP 

EPDY ,A 
DuCHON 

IEEN 30 

. 
lhc. FI 

ANC 80 KM - 
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3%. 

310. 

346. 

253. 

255. 

42. 

PL~fHCRS: 
STEPHENS-J. J. 
JEHNIKD H. 

p WIND AND TEMPERATURE IN TrE ATWSPHCRE 6~. 
WUARTERLY TEChNICAL REPORT No. 1” 
Sol:RCE: UNIVERSITY OF TEXAS 
l?F”ORT NuMBER/CESCQIPTION: 
CATF: 1 OCTOBER 1964-31 OLCFMpEn 19h4 
CCC OR NASA NO. 479094 

9PP 

CONTRACT NuMBER DA-23-072-OpD-16b4 
EFSCHIPTORS: 

14. METEORCLCGY - SYNOPTIC 5T’rUttq 
189 METEoRCLOGY SUMMAPY 551~~1 E s 

EnDYeA. 
I HARAGAN~D. R. 

~wEEN 30 AND 80 KM - 

AuTHCRS: EHLFRSaD. F. 
P TE~P~RATIJRE I+‘EASIJRFMENT OF rficT~t fiNn CLDUCS FROM A SATELLITE 
SOURCE: PROC. - SFCOND ?,yCPnsrU ” % r)Fr*lOIF SFlrlsING 01 ENVIRONMENT 
RFPORT NUMBf$/oESCnIPTION: 48&4-3-X* nP 2’35-26.5 . 
KATE: FEBRLiAkY 1963 .‘jIPP -- 
cot CR NASA ~0. 
CoNTRAcT NuMBER b.o~‘R 1224 144) 
CFSCRIPTORS: 

4. HAOIANCE (EXPERIMENTAl 15 u ) 
5. RAUIANCF IFXFFRIMENTAI “1~‘bu) 

12: 
HOHIZO~ :Eh’sCWs 
METEoRCLOG~ - SYNOPTI’ sl”DlE< 

p.cTHCRS: FLsASSEk!,W. ‘4. 
CLLbERTS0N.C. F. t 

0 ATKoSphERIC GAcIPTION TARI tc 
5ot:RCE: METEORCLCGICAL Mokor.hrrP~ls 
~F~CHT MuMEER/C~SCVIPTI@N: vol. 4. WI. 23. PP 1-43 
r;ATF: AUGUST 1960 43PP 
COC CR NASA NO. 

CFSCRIPTORS: 
1. ATMOSP~EC IC PHYSICS 

18. MET~ORCLCGY SUMMAFY STII~~FS 

PUIHCRS: ELTERMAN.L. 
n pARAMETERS FCR ETTENUATIO~’ 114 1UE ATMCSPhERIC WINDOWS FOR 
@FIFTEEN WAVELENGTHS 
T;OIJRCE : APPLIEC CPTICS 
RFWRT NUMBER/CEsCpIFTIoN: WI . 3r “‘C. b.PP 745-749 
CATE: JUNE 1964 05PF 
Cd CR NASA NO* 

~FsCHIPTORs: 
1. ATMOSphFkIr PHYSIC5 

:;: 
CETEORCLCGY -STATISTlrAI ‘l”“E5 
METEcROLOG~ SU”“APy !,Tu”IF!J 

AUTHCR5: ELTERMA1l.L. 
m ATMOSPHERIC ATTFWPTION MODEL. 1964. II. THF IJLTRAVI~LFT, 
UVISIHLE. AND INFRARED REGIcN+ FOP *~TIluDr’5 TO 50 KP, 
SOIIRCE: cAI’EHIcGE Rt.SFARCh IAPO~L~OFIFS fAIR FORCE) 
RFPORT N~WBE~/CESCDIPTI@N: fiF’~l -64-7’10 
CATE.: SEPTEMBER 1964 45i’P 
p:DC CR NASA NO. 

CFfCkIPTORs: 
1. ATMOSPhEk IC PHYSICS 

17* KETEORCLC~Y -STATISTIrA’ qT”DltS 
18. KETE0RCLW.y sUYMARy ssu”IFs 

A~!THCRS I EpsTElNvF. 5. 
0 RAyFbIAN ApPRoFCh To DEClcIw i*~fiKrW Ir’ PP~LIED METFoRoLoGy 
SOURCE: APPLIEC C:LTECkoL OGY JnllWr”L 
RFrOkT NIJNBER/DESCHI~TION: \‘Ol . l.P” ‘“9;;;p’ 
CATF: JUNE 1962 
MS. CR NASA NO. 

oFs;l$PToRS: 
. METtoRCLCGY -~~ATlSllrfil PrIlDlES 
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370. 

3hO. 

43. 

44. 

1n1. 

45. 

Al ITHCRS: .._.. ESSENWA~“G~RIO. 
I-!AGGARD, G. 

tf FRtQuENcY OF CLCu@S IN t<ElGwT L“YFRS FOR bf?LIN (TEMPELI-IOF~ 
StwRCt: u. 5. PPby ORDNANCE M152l L E. cw~Ah? 
RFPOHT NuMBtk/CFSC~IpTION: \‘Ol . 1, C’iJ 560’569 
CATE: DECEMBtR 1962 IOPP 
CDC OR NASA NO* 

cFS;;IPTORs: 

1*: 
METEoRCLcGY - SYNOpTIf qlltilES 
METEORCLCGY SU”wARY SsUpIFS 

A.I!THCRS : EVEN KNIGHT CORP. 
q cXYGEf‘! HCRIZCh! St‘EtFR* THFO~ETIfAl fihALYSIS 
SOL:RCE: LWEN KKIGbT COPP. 
pFPoRT NuMBER/CFSC~IPTION: fiFf~‘-64-141 

CATE : 14 F~BRUAPY 1964 47PP 
CDC CR NASA lu0. 600783 
CONTRACT NUMBER PF 19(h7B)-3Z19 
l?FsCkIPToRS: 

3. RADIANCE IThEoRETICnL OThFR) 
7w HoRIZClr: SE”:SCRS 

AIITHCRS: FAIREqA. C. 
ChAMPION*K. S. W. 

c FALLING SPtIERE ~~FA’s~IAEKFNTs OF PT’%5pHLRI? DENSITY TEMPERATURE 
DANE PkESSuRE LC TS 115 Kt 
Sl)uRCF : SPACE RE+f ARCH v 
PF~ORT NLMEER/CFSCRIPTION: ~1.15 
FATE: 1965 
CDC CR FlASA NO* 

19DP 

~FsC;!pToRSI 
ATMOSP~-EHI( PHYSICS 

18* METEORCLC~-y SLI~~‘+A~Y STIJ~IFS 

AL!THGRs: FALRELIG. 
ASTnE1MER.R. k. 

c INFRARtD HORIZONS SENSOR TFCUNIOIIE~ FOR LUNAR AF’D PLA~FTARY 
q Approaches 
SO,;PCF : AIAA G,J[Ee.CF A?!C CphTknL C”wFEPtNCE 
p~t’OkT &UMBEk/cF%qIPT II%‘: +3-3=e 

CATF: 1963 14PP 
rnC CR NASA kO* 

CFSCKIPTORS: 
7. HORIZCK ~F~~SCRS 

AuTHCl?S: 
c r1Gt-LAC&RACY hoPIZoN SFNEUD IIST~\~” FIRM 

FALBEL~G. 

sCURCE: PRCC, FISST SYM .-INFRPRFD 
RFPORT NuM@ER/CESCPIPTIONI PP lc9-I74 

S~PJ~OPS FOR SPACECRAFT GUID, l CONTROL 

CATE! 1965 
&-CR NASA NO. 

16PP 

CFSCR IPTORS : 
7. hORIZOh; SENSCRS 

AbTHORS: 
q CELL STRUCTURE OF THE ATMn5pHERF- DFLIBERA~:~~~~~~‘EME~GY 
DASPECTS OF LARGF-SCALE CIRw AT,~~JY 
SO(:RCE: u. S. ARPY-EUROPEAN RFSFAIJCH nFt-1~~ 
PFPORT ~UMBER/CESC.PIPTION: 
CATE: NOVEMBER 1963 
CDC CR NASA NO. 433768 

15PP 

CONTRACT NI,MBER CA-91-591-E1tC,2~47 
~FsCRIPTORS: 

1;: 
ATMOSPI-ERIC PHYSICS 
METEORCLOGY SUMMARY sTLIn~~S 

194 



47. 

ie. 

2633. 

2nn. 

FAUST rH. 
:lJRTHER RESULTS ON I 

“FF ICE 

22PP 

UOMO- ‘AND 

buTHCRb: FAUSTIH, 

q CELL STRUCTURF OF THF ATHCISDHFRF- wAN MCI~THLY DISPFRSION OVER 
@sPN JUAN AND CIF F FRFNCTS OF PR~-~~UVE. TLMP~RATuRE~ AND DENSITY 
WIJP 10 A HEIGHT CF 25 KP L~E~~FE”’ S/1” JUFFz ANr! ALPROOK 
50cRCE: u. S. ARMY-EUROPEAN KFsrAPCH “FFICF 
RFPORT NUMl3ER/CESCplPTION~ 
CnTE: JANUARY 1965 23PP 

16 OR NASA NO- 
CONTRACT NUMBER DA 91-591~EllC,3737 
CFSCRIPTORS: 

i4* METEoRCLCGY - SYNOPTlr +TllblES 
15. METEORCLCGY - RAW D”Tfi 
17. MEIEORCLCGY -5TATISTlrAI TTllDIES 

AIJTHCRS: 
TEWtLES,S. 

FINGERIF. 6, 
9 MflSONeG. 6. 

;,s;FEpTIc ANALYSIS PASEO 01’ ~‘ETL~HOL~~ICAL I?OCKFTSO~DF DATA 

$ORT N~‘M”,‘,“,:‘,:~~~I”,~~~~~‘~~O~‘~”~L~~~ID 5,pp 1377-1399 
PATE: 1 MAKCH 1963 

. 

rot CR NASA NO. 
23pp 

CEs;$IPTORs I 
. METEORCLCGY - SYtW!-‘TIf <TIlD!EG 

LuTHORS: 
HARKIs~M. F. 

FINGER~F. G. 
* TFWELF.S*S. 

q DIURNAL VARIATICh’ CF WIND, pRrSc~ql APED TEMPERATURF I~ THE 
w;;;‘““‘“’ 

APPLIEC ~‘FTLCROLOGY Jnu~f-18~ 
FiFboRT ~MBEK/CESCUIPTION: ~01. 4. L’O. 5, PP 632-635 
rATF : OCTOBEH 1965 
COC CR NASA NO. 

4PP 

CFs:fIFTORS: 

18: 
METEGRCLCGY - SyNCPTIf +TIIDIkS 
C~ETEORCLOGY SUMMARY STIJ~\~FS 

AUThCRS I 
MASONWR. B. 

F1NGER.F. G. 
9 CoRZINE*M. A. 

p SOME FEATURES CF 1hF cIpc~‘LfiT~O~’ fiT Tt$ IO-MP SURFACE JULY 1950 
nT;ROUGH JUNE 1959 
SXRCEI MONTHLY QAlHFR RLVIEI~I 
PFrOKT NUMBER/CESCRIPTION: vO1. 91, NO. 5, PP 191-205 
CITE: MAY 1963 
cnC CR NASA NO. 

I5PP 

rFS;$PTORS: 

16: 
METEoRCLrhv 
KETEO’RCLOGY 

- SYNP.PTIr SlLIUTE.5 

18. 
- STRAT” I.lARi.i fprr.5 

METEORCLOCY SUMMARY STIJ~IF~ 
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349. AUTHORS: 
MASON ,R. 8. 

FINGER*F. G. 
I TEWELES,S. 

u I‘IIUR[UAL VAKIATION IN STEATO~PL’FRIC TLPpEpATuRES AND HEIGHTS 
hREPORTED t3Y ThE U.S. 
5oURCE : 

WFATHFR F!I%FAU OUTRTI;GER RADIOSO~~E 
ElONThLY b,EAT+FR REVYE,., 

PFF’CRT NUMBER/CFSCQIPTION: 1’01. 92, Nn.,5, PP 243-250 
PATE,: MAY 1964 8PP 
Cd LR NASA NO. 

pF5CKIPTORS: 
14* METEORCLO~Y - SYNrPTIr 5TIIDIE5 
1 ‘I . METEOROLOGY -STATISTICAl 511’DrtS 

279. PtjTHCkS: F ITZGERAI 0 .R. J. 
P vEASbRLMEN1 AI,;0 FILTFfiIr:G IEC~‘l’~(Jllt~ Fc.P OPRITAL NAVIGATI0h - 
appoGPbP FORMULAS ICP! 
.CP RCF.: 

,b 
fiAvTt.~ECp: Cf?‘!PnbY 

GF oHT ~UMBE~/CESCR)PTTON: fi~~L-i~-hS-l7b 
rATF: 30 JULy 1965 93PP 
rnC CR NASA N@. 46’7431 

EF~C~ IPTORS: 
7. HOWIZCh 5Fp’SCKS 
6. ATT MFASF’l IExCL ~OpI70” 5~~‘5pS) 
9. ATT ITL’C~ CCFITHOC 

21. DAlA HLDI CTlCfI 

234. PUT~XRS: FOWLEQrK. 2. 
p E,TTITUDE CcNTECL Sl(~@y Fop b’JL’tt15 ~FTE~R?L%ICAL SATF) LITES 
Scl!RCE : 1 Th ACC v , F,f. 
PF~CHT NUpEER/CF:CQIP1 ICFI: I’O~~TL~LV REPORT rs0. I7 
CATF : 20 SEPTECPFr. 1965 24aP 
rnC CR NASA NC. Xhh-1OS19 
CckTkACT NUMBEP 1\rA5 5-3h9h 
cFsCRIPTORS: 

-la HORIZCh SE?‘SCRS 

2A5. PuTHORS: FOhLERqP. 7. 
D ATTIlUDE CONTpc,l. STUDY F0 C *II”bllS R~TEC,RCL~GICAL SATFLLITFS 
ccl,RCE: ITHACO, Ivc. 
pFl’0KT p:Ub‘BEk/CESlnlPTICN: L’O’~Tb’l.Y oEWPT “‘0. lb 
T,ATE.: 

. . . 
10 AuGbST l’;h5 IAFP 

Cd GR NASA NO. xA6-10918 
CChlTkACT NUMBER I\;Ac 5-369h 
CFSCRIPTORS: 

7. hORIZOh SFF’SCRS 

2nl5. AUTHORS: FoWLERsR. 7. 
p ATTITUDE CONTRCL SYSTF~ FOR NrMPUc “FTEO~~LOGICAL SATFLLITES 
SCL’RCE : IThACC* Ivc. 
FF~O~T N@BER/CESCPIFTION: “CPITL~V CFFO~T NC. 18 
CITE: 8 OCTOBER 1965 24pP 
r.nC CR NASA NO. xhh’lOB24 
CnkTkACT NbMEER t\.AS 5-3696 
TFSCRIPTORS: 

7* hORIZCI\ SFr“SCR5 

377. AljTHCRS: FC’WLERsR. 2. 
p fiTIITUDE CONTR@L STl!OY Foe LII%“S MFTEOROLOG~CAL SATELLITES 
SOURCE: ITHAcCI Ifi’c. 
PF,‘oRT tq,MBEk/CF5CQIPTIoN: "@'TN.Y DEPORT ko. 13 

CATE: 10 MAY 1965 31CP 
pee CP NASA NC* x65-18670 
~cFTRACT NUMIjER I‘!/‘? S-3696 
rF5CRIPTORSI 

7* HORIZCK 5ErcSCkS 
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49. 

50. 

3R3. 

51. 

2se. 

278. 

PUlHCR5: FPAZIERIEr. 
KH1tGSMAN.B. 9 NFSLINE Jp..F* W. 

n SELF-CONTAINED SPlELLITE ~‘A\/I~AlI”Ei SYSTFMS 
sOL:RCE: AIAA JCllRNAL 
PFPORT NlJHBE~/CESCRIpTIoN: “01 .1 rh’Co9vPP 2310-2316 

CATE: OCTOBER 1963 07PP 
CDC CR NASA NC* 

l?FsCRIPTORSz 
7. HORIZCN SENSCRS 

AulHCRS I FRIf2.S. 
RAOBP. K. 9 WEINSTEINIP. 

D GATELLITE MEASURFCENTS OF RCFIECTFD S?LAR ENFRGY AND THE ENERGY 
CIRFCEIVED AT TIE GROLNO 
+flbRCE: ATMOsPhERlC SCIENCE< .101wAI 
RFPORT NUMBER/CESCRIPTIClN: 1’01 .7lrl;n.7rPP 141-151 

: MAHCh 1964 
:;?“R NASA NO. 

II 

CFsC;!PTORS: 
RADIANCF IEXPERIMENTAl nT\.IEn) 

149 METEORCLCGY - SyNOPTIr CTIIDTES 

A\lTHCRS: GEOPHYSICS 
tl HANDBOOK OF GECFhysiCS 
SOLRCE: CAMBRICGF RCSFAFCW fEhlTFk (“IP FCRCE) 
RFPO~T N~MBER/CESCUIPTI@N: rE\tIcFn FD~TIGN 
rA.TF: 1960 656pP 
Cnc 0R NASA NO. 

RESEARCH DIRECTORATF 

CFSCRIPTORS: 
1. ATMOSPHERIC PHYSIC5 

::: 
METEORCLCGY - SYNOPTlf cl~‘CIkq 
METEol?CL()C,y - RAW D~TF 

16. METEORCLOGY - STRATn wA@f.lluC.5 

ii: 
METEoRCLCGy -STATISTlrAl %Tl’LJltS 
METEORCLCGY S(J~MAPY STU~IFS 

PIJTHCRS: GERGEN.J. L. 
13 ATeoSphERIC tNEhGY CALC(!L~~TIO”‘S I<FL*TEL: To RADIATION 
~~!PSLRVATIONS 
snuRCt : ATMOsPhFRIc SCIENCEC .Io~~k”~l 
PF%T NLMBER/CESCRIPTI~N: \!Ol .7c.N(‘.7,PP 152-161 
CATE : MARCH 1965 1OPP 
rnc GK NASA NC. 

~F~CFIPTORS: 
3. RACIANCE (ThFORETICfiL OTt,Fkl 
5. RA0IANCF. (FXPFR~MENTAI rll+.P) 

A(,THCRS : 
q ATMo5PHERIC INFL’ARED RADIGTIO~’ 

GFRGENsJ. L. 

SOLRCE : MCTE(,RCLOGY JOURNAL 
“VFH MI~NLAPOLIS TO 30 MILLIRARs 

PFI’OKT NUMBE~/CESCUIPTION: “01. 14. hr. 69 PP 494-504 
rATF:: [;FCEMBFR lY57 11PP 
Cd CR NASA NCm 
C(INTF;ACT NUMBER F;c”lR 710(01) 
CFSCRIPTORS: 

1;: 
ATMOSPhERIC PHYSICS 
METEoRCLCGY SUMMARY Sru”IFs 

AIJTHCRS: GFRGEN~J. L. 
HLCH*LV. F. 

e SYl\loFTIC STUCY OF INFRA-RFL, R~DIATI”~ OVE; THE UNIlE? STATES 
SOURCE : NATURE 
RFrORT NUMBER/DESCwlpTION: Vol. 1”6* fi’0. 4723, Pp 426-479 

CATE: ‘I MAY 1960 4FP 
Cnc GR NASA NO, 

CFsC;;PTORs: 
RADIANCE IEXpERIMENTAl ~THLU) 

14= METEORCLOGY - SYNOPTIC qTIlb’t+ 
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53. PUTHCRS: 
RlpPYa Ii. I?. 

GIRAYTYS,J. 

D THY USAF MkTbRDLDGICAL R~CVCT sc~&‘lE:G &,,,~RK: PRESFNT A(qD 
~FLITURE 
SOURCE: AMERICAP I~$TEOROLCIGTC~~L S~CIET’Y RULL~T~N 
RFpCkT NUMBEk/CESCRIPTION: v01 .45eitP. 7.Pp 3~2-387 
RATE: JULY 1964 06PP 
DDC CR NASA NO. 

DFSCRIPTORS: 
11. TRACKI~;G ALID DATA 4r~“I<ITlq,! 
le. METEORCLCGy SUMwARy STU~~FS 

54. 

99. 

273. 

hfl. 

61. 

PUTHCRS: 
ELLlSaJ. o. 

GLAHNeH. R. 

q NOTES ON THE CE~WVIWTIW OF PU(;HP”ILlTy’ESTIMATES 
SC IRCE: 

c OhT 
APPL IEC E’F TECROL 06~ Jn~c+bL 

RF ~lJt’@Ek/C~5CPlPTlON: WI .‘a, C’P r47-650 
t4TE : OCTOBER ~96~ 
Ccc CR NASA NC. 

04PP 

I?EscCI~TCRSI 
17. METEoECLCGY -sTATISTlfAI <TIIGI~S 

POThCkS: GODDARD SPACE FLIGHT CENTtR 
ti SATELLITE TRACKIYG ANC DATA A~ul1lSll1~~~ PIETWORK FAclLl~lEs 
~RFPCRT (STAOAFll 
%?URCE: GODDARC SPACE FLIGHT rEb’TFk 
PFPORT NUMBER~CESCRIPTION: X-c30-Ac-1q9 
CATE: JljNE 1964 
rgC CR NASA NC* 

13OPD 

rFSckIPTCRS: 
11. TRPCKINC ANO DATA AT~lll~lTlf~~ 
13. MlSSlCk PROFILE 

PUTHCRS: GODDARD SPACE FLIBHl CENTER 
a AVAILABILITY 0~ CACIATIDN DFTF FROM TClt TIwOS II* 111. Iv. AND 
~11 SAlELLITES 
ScLIRCE: GOODARC SPACF FLIGHT rE”lF’R 
~FIJORT NUMEER/DFSfRlPTION: fi16S-7949p 

CATE: ZPP 
CCC CA-2 f;ASA NO. Tp’x-54741 

~FsCRIPTORS: 
4. RACIANCE IEXPERlMLl;TAI 15 Li I 
5. kAClANCE ~EXPLRIM[NTA~ V+@l 

E.(;TPCRS: GoErZE VP. 
G~OSCH*C* e. 

c FACT+tMITTEC lI:FPAHED FPnlVyOLq IbClbtb1T*UP0N A SATELLITE 
SCl,RCE: AEROSPACF 5CIENCE5 JUIIRL’AI 
FF’CET NUMEER/CTSCPIPTION: *‘tii .~~+FI~.~vPP 521-524 

CaTF: MAY 196i 04PPrn - 
r.oC CR NASA NO. 

CFSCKIPTORS: 
2. RACIMCF 
3. FtAfiIANCF 

PUTHCRS: 

~THFopETIC~L l= ‘1 I 
lTt;FORETIcbL OTtiF,,) 

WIDGER JR,rh. K. 
tl NI)L&IS II DATA CODE EXPER~MFN~ 
coi;RCE: GODDARC SPACE FL 1GHr CEh’TFk 
REPORT NUMBER/CESCRIPTION: 0676-2 
RATE: JANUARY 1966 
nDC OR NASA NO. 
CONTRACT NUMBER NAS5-10114 
CFSCRIPTORSI 

110 TRACKING AND DATA AQt!I%lTlnN 

GOLDSHLAK rL . 
. 

bOPP 

lo. DATA HAHCLING 
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62. AUTHORSI GOODY rR. M. 
q TRANSMlSSloN CF RADIATXON TuRr’uW AL’ ~NHOMOGENEOUS ATp”oSPHERE 
5oJRcE: ATMOSPHERIC SCIENCES .IOIIR”AL 
pEPoR NUMBER/CE~CRIPTION: !‘Ol .?lrNn.A.PP 515-581 

PATE : NOVEMBER 1964 07PP 
CDC CR NASA NO- 

CFSCRIPTORS: 
la ATMOSPHERIC PHYSICS 
2. RADIANCE ITHEORETICPL 17 II ) 
3* RADIANCE (THEORETICBL OThFR) 

410. AIJTHCRS: GI?SDINeK. Fe 
CWFTEOROLCIGICAL 5ATtLLITE PHo~ochAP~s A5 IILDlCAToRS OF 
q CYCLOGENESIS AND THE RELATFD CICx’G DISTRIWTION AND 5fWCTURE 
DOVER THE GULF OF MEXICO - 4 CASE STUDY 
SOURCE: TEXAS A*IVI UNIVERSITY 
REPORT NuMBER/CESCRIPTION~ 
CATE: AUGUST 1964 49PP 
IYJC CR NASA NO, 605385 

CFSCR IPTORS I 
18. METEoRCLCGY SUMMARY STunIFs 

3iS. AUTWRS: GRAY rD. E. (EDITED BY) 
D AMLRICAN INSTITuTk OF PHYsIrS HAhr\flOOK 
SIXIKE: MCGRAW-HILL @OnK CO”PANv 
REPORT NUMBER./CESCDIPTION~ 
PATE: 1963 
CDC CR NASA NO. 

CFsCRIPTORSl 
1. ATMOSPhFFIC PHYSIC5 
20 RAcIANCF ITHFORETIC~L 16 1’ 1 
3. RACIANCE (THFoRETICfiL OTI~FI<~ 

14. METEORCLCGY - SYNOPTIr <lI’blES 

2S4. AUTHCRS: GRAYIF. R. 
q INFRARED IN~TRL~‘FNTATIOK 1N 5DtifE. E*PLORATIDN: INTRDOUCTDRY 
q RFPCRT 
&JRCE: INFRARED 5PtCTRA PF A~TDO”O~I~AL R~DIE~ 
RF~ORT NU~BER/DFSC~IPTIO~I: PP Y&-I+ 
CATE: 24-25-20 JC’FIF 1963 
rDc CR NA5A NO. 602936 

1LPP 

CCFJTHACT NUMBER KF.S 7-100 
rFSC~!I’TOR5: 

RADIO~ETEPS 
7. HORIZON SFr15CRS 

366. AIlTHCRS: 
WEXLEh rR. 

GREAVES*J. R. 
. B~WLEYIC. J. 

•1 FEPSIBILITY CF SFA SURFACF TE”pFHATI!RE DETERMINATION IJSING 
o<ATELLITE INFHPkCf! CATA 
SC RCE: ARA~ON &&HY;ic5 cn. j- 
RF: CRT NuMEER/CESC~IPTION: QG~~-F 
PATE : NOVEMBER 1965 4 IPP 
CDC CR NASA No. 
cmTPACT N@BER h’ASh-1157 
W5C;;PTORS: 

kADIANCF IEXPERIMENTAl 1s ” 1 
5. 

18. 
GAcIANCE IFXPERIMF~TAI ~T~CP) 
METEORCLWy SUMMARY ~sIJ~IF~ 

l?R. PuTHCRS: 
D FLEClRONIc5 RESEARCH PROGPA”-~ 

GRIEPIDI J. 

q FXPERIMENT5 
ATtl LITE ATT1TUDE Cf?lTPPL SYSTEM 

SOURCE: AERoSPACt CORP. 
PEPOR NUMBER/CE~CPIPTION: TDw-76Q(4250-32)-3 
CATE: 1 JANUARY-3n JLFIE, 196* 76PP 
Cnc OR NASA NO. 
CONTRACT NUMBER AF 04(6?5I-760 
CFSCRIPTORS: 

7* HORIZON $jk h’SCR5 
8. ATT #EASPT (EXCI. HOPI7ob’ s~b’5t’5) 
9. ATTITUCF CONTROL 
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419, 

39R. 

277. 

r 

3;b. A 

AIITHCRS 2 
c vIURATION~. RELAXATION TI”E< rn! 6DSES 

GRIFF~TH.w. 

SCI:RCF: APPLIED wy5ICs JOUWubL 
RFPORT ~JUMBER/DESCCIPTION~ “01. 21. m. 129 pp 1319-1332 
CATE: DECEMBFR 1950 
CCC OR NASA NO. 

14PP 

CFsCRIPTCJRSI 
1* ATMOSP~EHIC PHYSICS 

PLJTHCRS: 
D VlHRnTIONAL RFLAxATION TI”Ec ‘h 665~5 

GQlFF1TH.N. 

sOt;RCE: APPLIEC WYSICS JOUW~L 
RF~O#T N~MB~R/CESCPIPTTON: Vol , 21 I P” 1319-1325 
CATF: OECEYBER 1950 7PP 
mC CR NASA NO. 

~FSCHIPTORSI 
1. ATMDSPHF~IC PHYSICS 

AIJTHCRS: GROVEs,G. V. 
0 ~~F1%ROLOGICAL AfirD AT~*osw~cJ~~ ~TV~‘T~RF sTUb~~S h[TH GRENADES 
sCuRCEI SPACE REsFPHCH IV 
l?FrORT NuMBER/cFsCQIPTION: 11.3 
:ATE: 1964 
:DC CR NASA NO. 

15PP 

:F!iCN IPTCRS: 
14. METEORCLCGY - sYNnP~1t <T!‘GTEs 
18. METEORCLCC,y sUt4pARY sT,,p 1 Fs 

QJTHCRS: 
2 APOLLO APPLICATICNS PPOGRRM - 

GRUMMAN AlPCRAFT EWG. CORP. 
W’EI IhlrIkARy DEFI~~ITION STUDY OF 

IIITILILATION CF LEt.’ - ADDEN$h’ 71 - SPECIAL STUDY REPORT - 
‘xPtRlMENT LFFFCTIVENESS srllny FOR Tut LEI.I 

;FWHT N~M~~ERICFS~DIPT~ON~ 47ac-I 
:ATF: 213 MARW l9bb 67PP 
‘Cc CR NASA NO. 
‘ONTRACT NuMtlER PIAs 9-4983 
!FSCHIPTORSI 

13. MISSICN PF~FILE 
19. LAUNCH VEHICLES AND FFCILITTES 

NuThCRS: 
JA~~S5EN.J. E. 

1 THERkiAL RADIATIcN PROPEPT~EC S~VFY 
n.RCE: HONEYbELL PESEARch CEWTFK 
.FpCHT NUMBEk/CEscPIPTION: 
.ATE: 1960 
gC CK NASA NO. 

GURAREFF,G, G. 
, T@REORG,R. H. 

293P~ 

FSCHIPTORSI 
1. ATMOSPhFpIc PHYSICS 

18* METEORCLCGY SUMI.“APY STI.I~IF~ 

uTH0R.S: GUSHCHIN.6, P. 
SHATlJNOV.1. A. 9 

ATCOSPHERIC CZCNE AND JET STf.?EArS 
0URCt: u. 5. CEFAPT~ENT OF cnM”t%~ 
FpOHT NIJMBEH/CESCRIPTION: TT-6*-?OrS2 
ATE: 6 JANUPRY 1965 19PP 
DC OR NASA NO. F!b5-13R48 

FsC;!PToRSt 
ATMOSphEplC PHYSICS 

18. METEORCLOGY SUMMARY STUnIFS 

200 



64. AUTHORS t 
El STL,DY OF ThE LIF!B CF THE FAPT~ A 
so,,RCE: MASSACh”SETTS INSTITUTE OF 
FFI’ORT N”MElER/CEScpIPTION: F-1843 
DATE: SEPTEMBER 1965 
CDC OR NASA NO* 

CEsc;fl’TORS* 
RADIANCE ITHEORETICAL OTHE 

367. AuTHCRS: 
SARATINIIR. R. 

HALEIJ. R. 
ULTRAVIOLET WAVELENGTHS 

TECHNOLOGY 

HAL1.A. R. 
, s1SSALA.J. E. 

NOVOTNYI . 
q ORBITAL A D CETE”RCLOGICAI FAr~flR5 PERTI$NT To SATFLLITE k 
IZITPANSMISSIONS CF FACSIMILE k.FATtlFR CHARTS 
50 ,RCE: 

b 
ARACON GEOPHYSICS Cn. 

RF ORT NuMBER/CESCRI~TION: OG73’F 
PATEI DECEMBER 1965 129~~ 
CLIC CR NASA NO. 
CONTRACT NUMRER NAS5-9664 
CFSCRIPTORS~ 

20. DATA HANDt. ING 
21. DATA REDUCTION 

65. ~uTHCRS: HANELIR. A. 
t3ANDEEN.W. R. 3 cONRATH,R. J. 

IZ INFRARED HORI~CI.! OF T~IE PI AlnFT FAQTH 
sni:RcE: ATMOsPhEEIC SCIENCE% .IOIIR~‘AI- 
RFPORT NUMBER/CESCRIP~ION: r/01. 2”s PP 73-86 
CITE: MARCH 1963 14PP 
t~t$ CR NASA NO. 

~FsCRIFTORS: 
2. RADIANCE ITHEORFTIC~L lc 1’ ) 
3. RADIANCE (THEORETICAL OT~+FR) 

218. A(!THCRS: HANELIR. A. 
RANUEtNaW. R. 

D TNFRARED HORIZCI~I OF THE PI ASSET FAL’TLl 
. CoNRATH,A. J. 

so[;RcE: GODDARC SPPCE FLIGHT fEp’lFk 
FF~ORT NUMBER/CESC~IPTION: 
rAlE: SEPTEMBER 1963 2lPP 
ROC CR NASA NO. 7!>1 D-1~50 

CFSC;!PToRS: 
RADIANCE IlhEORETIC~L 15 1’ 1 

3. FtACIANCk (THEORETICAL oTt,FFi) 

296. P(;THORS: nPRAGANw3. R, 
kAGhER,N. K. . GFRHApOl ,J. R, 

e WIND AND TEMFFHAT”kF IN T,‘k Alf:nSPhFHF BFTwEFN 30 AND 8o KM - 
@oUARTERLY TtCI-NICAL REPORT No. 6 
SOLJRCE : UNIVERSITY + TEXAS 
REPORT N”MEER/CFSCRIPTION: 
CATE: 1 OCTO6ER 1961-31 DF.CFMyEf¶ 1961 blPP 
pgC CR NASA NO. 479082 
CONTRACT NUMBER DA-23-o72-O~D-1~64 
CFSCRIPTORS~ 

16. METEoRCLcGY SUMMARY 5s”~lFs 

2QR. AUTHCRS: H~IRAGANID. R. 

D ,%” ;dN;E&ATURE !i 
9 GERHAROT,J. i? 

IN TWE ATMns”HFHE RFTI,IEEN 30 ANO 8o’YM - 
uflllARTtRLY TEChNICAL REFORM Nn. b - 
SOURCE: UNIVERSITY OF rExAS - 
RF~ORT NUMBER/CESC~IPTION: 
CATF: 1 APRIL 1962-30 JLJNF 19~2 37PP 
t?Dc CR NASA No. 479084 
CCHTRACT NUMBER CA-23-072-OPD-1’64 
CFs;F$PTORSI 

. METEoRCLCCY SLIWA~?Y SVJ"~FS 
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3ill. 

302. 

3n3. 

3nfl. 

340. 

271. 

AUTHORS: 
WAGNER,N. K. 

HARAGANeD. R. 

R HIND AND TEMPEFATURE IN T,IE ATMnspHFRF BETWEEN 30 AND So KM . 
PcuAWTERLY TECHNlcAL REPORT fun. 11 
SfluRCE: UNIVERSITY OF TEXAS 
RFPOHT NuM~EH/DF.SCRIPTION: 
CATE: l JANUARY 1363-31 MARrH 1663 32~~ 
CDC OR NASA NO. 479087 
fntdTkACf NUMBER fifi-23-072-oPD-156t6 
CFsCRIPTORs: 

1s. METEoRCLCGY SUMMARY Stun 1 us 

AuTHCRS: 
STEPHENSIJ. J. 

HPRAGANtD. R. 
. JFHN.K. H. 

D HIND Arm TEMPERATURE IN THE ATM~SPHFRE RFrWEEN 30 AMY 80 KM - 
q c~IART~RLY TkCkNIrPL REPOPT Nn. r5 
SOURCE : UNIVERSITY OF TFXAs - * 
REHOHT NUMBEH/CE~CKIPT~ON: 
CATE: 1 JANUARY 1964-31 MA~fti 1064 18PP 
CDC OR NASA NO. 479091 
Cm’TRACT NUMBER DA-23-072’OPb1564 
CFSCH1PTORsT 

18. METEORCLCGY SUMMApY STUPIFS 

AI:THORS: 
FGDY VA. 

HARAGANqD. R. 

KCWAL1K.V. C. 
* STEPHENS-J. J. 

p hIND AND TEMPERATURE IN THE ATMPSPHFHF BF;~,EFN 3. AND 3. KM _ 
ncuARTEpLY TECHNICAL REPORT Nn. 16 
S[?l!PCE: UNIVERSITY OF TEXAS 
CFPORT NuMBER/CESCQIPTION: 
RATE: 1 APRIL 1964-30 JUNE 196.4 24~~ 
pnC CR NASA NO* 47Q092 
CflNTKACT NUMBER CA-23-072-OCU,1564 
CFSCKIPTORS: 

18* METEORCLOGY SuMMAFy SwpIF5 

S~EPHLNS+J. J. 
HARAGANaD. R, 

, JEHN,K. H. 
p lv1ND AND TEMPFFATuRE IN THt ATM~~PHFRE BETWEEN 30 ANY! 80 KM _ 
tmAkTERLY TECHNICAL REPORT Nfi, 11 
SOIIPCE: UNIVERSlTy OF TEXAS 
I;FPOkT NUM@ER/CESCIJIPTION: 
CATF: 1 JULY 1963-30 SEPTF.~,‘REP rqrj 12PP 
CDC CR NASA NO. 479009 
CCNTRACT NUMbER [,~.-23-072-opb1~64 
Cw;IPToRs: 

. METEORCLOhy SUrl~~ARy STIJPIFS 

AUTHCRS: HARE-F. Y.~CHAIRMAN) 
Al SEMINARS ON THC STRATOSPHFRc Arm ~EcOSPHERE AND POLAR 
DcFTEOROLOGY 
SOURCE: CAMBRICGE RESEARCH LAPOQPTOY~FS(AIIJ FORCE) 
RFHORT NuMBER/CESCQIPTIONI AFfRl 64-107 
CATFt 7 JULY 1963-19 JULY 1’763 243pP 
h3c CR NASA NO* 600664 
CONTRACT NUMBER AF 19(604)-p431 
DESCRIPTORS: 

12: 
ATMOSPhERrc 
METEORCLOGY 

:z* 
METEORCLCGY 

. METEoRCL~GV 
i7. MEiEiiROLbCy 
18- METEORCLCGY 

PHYSICS 
- SYNCPTIr <TIIDlEs 
- RAW D~‘ln 
- SfGATP 1d4DMlN~s 
-STATISTICPI 5TllD1ES 
SUYF’ARY STU” I FS 

AUTHORbl HARRIS III*& L. 
a LINE-ABSCRPTIOh COEFFICIE~~T DIIE TO nOPPLER EFFECT AND DAMPING 
m,RCE : ASTROPHYSICAL JOURNFL 
2FpORT NlJMBER/CESCpIFTIONI Vol. lp6* PP 112-115 
:ATE: JULY 1948~NCVEMBER 1948 4PP 
:Dc CR NASA NO. 

:~sCk IPTORS: 
10 ATMOSPHERIC PHYSICS 
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A?. . AIJTHCRS~ . . HARRISpI. 
PHIESTERIW. 

R DIURNAL VARIATION OF THE IrPPLp ATMOSPHERE’ 
SOuRcEl ATMOSPHERIC SCIENCE5 ,IOIIR~~‘AL 
REPORT NUMBER/DESCRIPTION: vat, 22. in. I, PP 3-9 
DATE: JANUARY 1965 07PP 
CDC OR NASA NO* 

CESCRIPTORST 
14* METEoRCLCGY - SYNOPTIf STIIUlET 
18* METEORCLCGY SUMMARY STUIYIES 

hh. AuTHoRS : HARRISvM. Fm 
FINGER~F. G. , TEWELES t 5. 

Q DIURNAL yARIATIOFJ CF WIND, ~RFssuuE, AND TEMPERATURE TN THE q ITROPOSPHERE AND STRATOSPHLPE O\rCP THF ALOpES 
SOURCE: ATMOSPhER Ic SC IFNcL’ .~Dl’R*‘kl 
PFPORT NUMBER/CESCRIPTION: v01 .lY.Pp 136-149 
DATE: 1962 13PP 
COC OF NASA NO. 

CF~CRIYTORS~ 
14* METEORCLDGY - SYNOPTIC ~TI~DTES 
18* METEoRCLCGY SUMMARY STU~IFS 

&A. AuTHGRS I HATCHEReN. M. 
GERMANN JR., E. F, 

p STUDY OF A PROPostC INFRAct” uDu170” 
RCRILNTATION CCNTROL SYSTEM’ 

scAF’iER FOR USE TN SPACE- 

SOURCE: b&A 
pF”OHT NuMBER/DFSCRIpTIDN: 1142’ 
RATE: 1962 
Cd CR NASA NO* TN-D-1005 

32PP 

PFsc;!PTORS! 
HoHIZOh %NSCRS 

2n3. AuTHCRS: HATCHERIN. M. 
NEkCOMB JR.tA. L. . GROOMIN. J. 

R CFbELoPMENT AND TLSTING OF P 6Rnp”s~f1 ~NFRARFD HOR12~N SCANNER 
PFflR USF IN SPACECRAFT ATTITIJ~E UFTF~UINATION 
50 ,RCE: 

b 
LANGLEY RESEARCH. ct+FR 

RF: OR7 
CATE: 

NuMBER/CESCKIPTION: 
SEPTEMBER 1Y65 

CDC CR NASA NO. TN D-2995 
34PI’ 

PFsCHIPTORSI 
7a HORIZOh sENSCRs 
9. ATTITuCF CCNTROL 

2rl7. ALITHCRS: 
KGLL,R. T. 

n PRESSURE, DEhsI TYI AND TE”PFR~~(,RF DF 
;;F,R;;O KILOMETFRS 

I : GEGPHv~IcAL RE+FARCH .Jo,‘Nh’A, 
DI . . 57. Nn. 

-..- 
RFPORT NUMBER/CESCRIPTION: !‘I- _ _ _ 
DOTE: MARCH 1952 
kc OR NASA NO. 

HAVENSaR. J. 
, LAG0w.H. t. 

THF FARTHS ATMOSPHERE 

1,PP 59-72 
l4PP 

CFs;;lPTORSI 

18: 
METEoRCLDGY - SYNOPTIC ‘l”DIEs 
ME~EURCLC~Y SUMMARY 5rUp 1~5 

h,9. L~JTHCRS: 
CGLLINGEIJ. p. 

HAyNIE,w. Y. 
. ERTSGAARDIF. P. 

0 15-MICRON CO(z) RACIANCE ‘*tAsIlRFD FROM A ,sAlFLLITE 
SOIIRCE: PROCEDLPES IPIs 
RFPOKT NuMBER/CFSCRIPTION: ml ,P VI.~,PF 27-33 
CITE: 1943 07PP 
CI$ CR NASA NO. 

CFSc;!YTORS: 
RADIANCE (THEORETICflL I= II ) 

4. RADIANCE (EXPERIMENT~I !5 u 1 
6. RADIOMETERS 
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71. AIJTHORS: 
PERSKY+M. J. 

HERGENR0THER.K. MO 
. LAVERyvA. LO 

n INFRARED HORIZON STUDIES 
scl,~CE: CAMbICGE RESEARCH I An. - AIR FORCE 
REPORT NUMBER/CESCRIPTION: @FfRl-63-640 
CATE: 31 JUNE 1963 
rrS CR NASA NO. 
(cNTRACT NUMBER AF I9f62B)-16!8 
DFXRIPTORS: 

6* RADIOMETERS 
7. HORIZON sENSCRS 

362. auTHCR5: HFRINGIW. 5. 
n czCNtSoNDE OBSEPVATIONS OvEe MOWTH AMERICA - VOLUME I 
5GuRCE: CAMBRIC@ RESEARCH ~APOQITOPIFS~AIQ FORCE) 
RFPORT NUMBER/CE~CQIPTION: fiF?Rl -h4-3n(l) 
DATE: JANUARY 1964 512GP 
cDc CR NASA NO* 435073 

DESCRIPTORS: 
1. ATMOSPHERIC PHYSICS 

18* METEDRCLOGY SUMMARY SSUPIFS 

244. AIJTHGRS : HERINGIW. S.(EDITED BY) 
BCRCEN*JR.,T. n.lFDITED RYI 

p cZONESONOE O~SEWVATIOMS OVED ~‘OPTH AMERIC;-VcL. 2 
SCuRCE: CAMBRICGE RESEARCH IAQOPATOPIFS (AIR FORCE) 
pEpOliT MUMEER/CE~CRIPTION: fiFrRl -64’3n( I I) 

CATE: JULY 1964 
ITDC CR NASA NO. 

282PP 

CFsCGIPTORS: 
149 METEoRCLCGY - SYNCPTIC <TI’LiIES 
15. METEORCLGGY - RAW DATA 

245. PuTHCRS I HERTNG~~. S. (EDITED BY) 
BCRDENIJR.~T. P.(EDITED “Y) 

q C2ONtSoNDE O~SEDV~TIONS O!,~D ‘tQl” AMER&VOL. 3 
ScuRCE: CAMBRICGE RESEARCH IA~ODATOPIFS (AIR FORCEI 
RFPORT NUMBER/CESCYIPTION: ~~F~wI-~~-~P(III~ 
CATE: AUGUST 1965 270~~ 
& ‘34 NASA NC. 

AIJTHCR~: HENRY,)?. M. 
CCCHRANE~J. A. 

q GEOGRAPHICAL VARIATIONS OF MIND LOADS ON &ICALLY RISING 
q VFHIcLES 
SGuRCE: APPLIEC METECROLOGY JnUw4L 
REPORT NUMBER/CEScRIPTIoN: \?OI.S* PP 734-743 
DATE: DECEMBER 1964 1OPP 
DDC CR NASA NO* 

MS;; IPTORS: 

17: 
METEORCLoGY - SYNOPrIf TTIID~E~ 
METEORCLCGy -sTATISTI~AI ST)~DTES 

fxs;~lPTORs: 

15: 
METEDRCLDGY - SYNCpTir qTI’GTE5 
METEORCLCGY - RAW DATA 

3P7. AUTHORS: HER2FELC.K. F, 
LITOVITZIT A 

q ARSORPTICN ~ND’CISpERSIoN OF IILIR~S”NIC ciVES 
5OuRcE: ACADLMIC FRETS, NFh YORK nNn ).ONDO*J 
RFPOHT ~!~~BER/cEsC~IPTIO~!: 
CiTE: 1959 535 
CDC CR NASA NC. 

DESCRIPTORS: 
l* ATMOSPhEFIC PHYSICS 
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1FR. 

3a1. 

190. 

195. 

231. 

AUTHCRS: HIEATTIJ. L. 
HAGENIW. 6. 

q PELIABLE EARTH SENSOR 
SOURCE: PROC. FIRST SYM.-INFRARFD sFNsORS FOR SPACECRAFT GUID. l CONTROL 
RFPORT NuMBER/CESCRIPTION: pP 2n5-215 
JTiTE: 1965 
CDC CR NASA NO, 

1lPP 

CESC;!PTORSI 
HORIZON sENSCRs 

AUTHCRSI H1LLEARY.D. T. 
HEAC0CK.E. L. M0RGAN.W. A. 
MOOHEIR. H. : MANGoLDvF. C. 
SOULESIS. D. 

q INDIKECT MEAsLJRFMkNTs OF AT”OzPHERIr TEMPERAT 
q SATELLITES: III. 

RE PROFlLEs FROM 
THE sPEcTPO~*ETF.Rs AMD EXPERII* NTS i 

SOI JRCE: MONTHLY kcATbER REVIEN 
RFPORT NUMDER/CESCPIPTIDN: ~01. 94, M-J. 6, PP 367‘377 
CATE: JUNE 1966 .llPP 
I)DC OR NASA NOI 

CEscRIPToRs: 
6. RACIOMtTERS 

ADTHORS: HONEYWELL, Ih!C. 
P &liIZON DEFINITICN J~EAsURFWFNT Pk”GPAY - TECHNICAL PROPOSAL 
SOURCE: hONEYhtLL. INC. 
REPORT NUMBER/CE~CRIPTION: *D-@-24 
C4TE: 15 OCTOBER 1965 
rnc CR NASA ~0. 

DFsCRIPTORS: 
2. RACIANCE ITHEORETICAL 15 ” ) 
6* RADIOMETLRS 
0. ATT MEAsMT (EXCL HOPI7Ofi’ 5ENSPSl 
9. ATTITUCE CONTROL 

10. SPACECRAFT STRUCTURF 
11. TRACKING AND DATA ACOIII=ITI~N 
12. SPACECRAFT PCWER SY~TFM~ 
130 MISSICK PPoFILF: 
18. METEORGLOCY SUMMARY ST~J”IFS 
19. LAUNCH VEHICLES AND F,‘ClLITTEq 
20. DATA HANGL IF;G 

AUTHCRs: HONEYWELL * 
o HORIZON DEFINITICN MEASURFMFNT PkOGPAP - PRESENTATION 
SOURCE: HONEYWELL, INC. 
RE”ORT NUMBER/CEScRIPTION: <be-2 
DATE: JANUARY 1966 3OPP 
CDC CR NASA NOe 

DFSC;!PTORSI 
RACIANCE ITHEORETICAL 1’ 11 ) 

6. RADIOMETFPS 
0’ ATT MEA!?T (EXCL HOPI?O”~ SEP’SDS) 
9. ATTITuCE CONTROL 

10. SPACECRAFT STRUCTURF’ 
ll* TRACKING AND DATA AcOIII~I~I~N 
12. SPACECRAFT PCWEP Sy5TrM5 
13. MISSION PPOFILE 

is* 
METEORCLOGY SuMMARy SsunIFs 

20: 
LAUNCH VFHICLFs AND FACILITTES 
DATA HAND1 ING 

AUTHCRS t HONEYWELL1 
•I LOCAL VERTICAL PRECICTION SvSTtM STUDY - A PPoPOSAL 
SOURCE: hONEyCELL A~RONAUTI~AI nIvISIcIN - POSTON 
PE~oRT NUMBER/CESCRIPTIONI A4nZ-Op7 

DATE: 27 MARCH 1964 RZPP 
f!nC CR NASA NO* 

CF<CRIPTORS~ 
7. HOHIZO~ SFMSORS 
0* ATT MEASPT (EXCL HOPITON SEMSPS) 
9. ATTITUCE CCNTROL 

INC. 

INC. 
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316. 

72* 

99. 

ZR9. 

251. 

PIJTHCRSI HONEYWELL, INC. 
p SCANNER SPACECRAFT - VOLlWt I. TEChNICAL PROPOSAL 
SOURCE : HONEYkELL, IKC. 
RFKORT Nu~BEK/DEsCRIPTION: qE-B-3& 
CPTE: 5 DECEMBEP 1963 122PP 
DDC CR NASA NO* 

CESc;!PTORS: 
ATTITUDE CCNTROL 

ii: 
SPACECRAFT STRIJCTURF 
SPACECRAFT PCkER SY~TFM~ 

20. DATA HANDLING 

AUTHCKS: 
SMITHrR. 8. 

p SUMMARY OF SECT-NIcAL SERVICF~ FDOV 
puTILI2ATION CENTER 
SCURCE : GODDARD SFACE FLIGHT ‘FL’TFR 
REPORT NUNBEK/CFSCKIPTION! 73%~ 
DATE: UECEMBER 1965 
Et% CR NASA NO. 
CC~TRACT NUMBER ~~~5-3253 
CFSCKIPTORS: 

21. DATA REDLCTICN 

HOPKINS JR. 

InEC TC NIb:BuS DATA 

59PP 

*M. N. 

AUTHOPb: HDRAN*J. J. 
q PEKFORMANCE ANr SySTEW Appl IrA71pNc cF ~10~120~ SENSCRS ON 
q SPIN-STABILIZED SPACECRAFT 
SOURCE: PRCC. FIRST SYM.- lNFRLpFD SFkcORS FOR SPACECRAFT GUID. + COtJTROL 
RF~ORT NLMBER/CEScPIPTION: PI’ 36-1~11 
TPTE: 1965 
MC CR NASA NO. 

1ZFF 

CFSC$!PTCRS: 
HORIZCN SENSCRS 

9. ATTITUCE CCNTROL 

~IITHCFS: 
GCTQDN,F. 

z HORI2ON sENsIr!C FRC!A A SPI&STADII 
: PRCcEEDIb\Gs CF THE 1NTRrKFL 

$b%: ~~~UMBEK~CFSCPIPT~ON: pP 9-21 
?ATE: JUNE 1Y65 
:DC CR NASA NC. r\,AVsC p-2315 

:EsCKIPTORS: 
7. HORIZCN sf NXRS 
9. ATTITUCE CONTROL 

HORAN,Jr J. 
1 DWORK.M. 

I7LD SPACECRAFT 
I~FC~WTION SYMPCSI~~M 

13pp 

iuTHCR5: HOUGHTOF...J. T. 

p r,LCUcTIOK OF STCATCSPHEPIC TE%FR~~TI!KE F~‘O!’ 5ATELLTTf 
oGPstCyATICNS CF FMISSIDN By THF 15 klCWY Cn(21 BAW 
sC(;RCE: INFRARED S~LCTRA CF ACT~G~~Q**ICAI. R~VIES 
PFKORT NUMBER/CF’CRIPTIO~~: pP 3~0-356 

I-ATE: 24-25-26 JL8F.F 1963 7PP 
r~c Ck NASA NC, ho2936 
CCIF:THACT NUMBER CF 6 1 (052 I-~&E 
DFsCR1PTORsI 

1. ATMOSpHEpIC PHYSICS 
2. RADIANCF: lTHtORETICAL l= ‘1 ’ 
6. RAUIOMETEF 5 
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253. AUTHCRS: 
GARING.J. 5. 

q INFRARED TELLUp IC APSORPTION SF’FCTk,,C: 
SouRCE: INFRAREo SptCTRA CF A<TW”C”IiAL 
REPORT NW~ER/CFSC~IPTION: PP 2~7-278 
LATE: 24-25-26 Jllr;F. 1963 
CDC CR PkSA NO. 602936 
CcNTRACT NI,MBER FF bl(o52)-68e 
CFSCRIPTCRS: 

1. ATCOSPhERIC PHYSICS 
2. RACIANCE (ThEORETICfiL 1* II I 
3. 

18. 
RACIANCF (THFORETICPL OThFkl 
METEoRCL cw SuWARy SrUmIFS 

H0LUARD.J. ‘4. 

INTRODUCTORY RLPDRl 
RCDIES 

42~ 

37R. AUTHCRS: HIlN1.B. G. 
El NON-h?~ILIfjRIlIV INV~ST~~ATI~N i”Tf’ TliF DIURNAL PI-!~TDCNEMICAL 
DATO~!IC OXYGkN AhP OZONE VAPI~TTOC’~ It’ THE :.IF.SQ~PHERE 
cO~;RCE: AUSTkALIPC DI-FEP~C[ +CIE~‘TI~ ‘C 5[lh’VICF 
NFPOKT N~MBEk/CFSCpIPTI@N: TN PAD 82 
l?ATE: hEthAkY 1964 
CDC OR NASA NO. h64-19473 

CFSCK IPTORS: 
1. ATMOSPHERIC FHYSIC~ 

18. Ql EORCL~,(,V SIJWAFY STUPI F:, 

r)2. AUTHCKS: H1JRTT.J. Em 
FRANCISvR. Km 9 

q PPOJLCT HYDRA-IRIS 
SCURCE: U.S. NAVAL CIRDNA.EICE TFST 5T “T IOF: 
RFPORT FIUMBER/UESCRIPTIOFI: WTS 3391 
cATE: FEBRUARY 1965 1RPP 
CDC CK NASA NO. 431792 

I-FSCRIPTCRSI 
4. RACIANCF (EXPERIMENTAI 15 U ) 
5. RADIANCF I~XPERICENTAI “THFD) 
6. RADIOM~TEPS 

19. LAI,NCH VEHICLES AF!D FACILITIES 
20. DAlA HAF!eL IhG 

357. P~JTHCRS: 
D RIBLIoGRAphY oF ATYoSphERlC 07c;8~~ 
DDISTRI~~TION, METFOES OF DFTFCTI~N, 
q MF TLDKDLOG I CAL F’ttthCfdFNA 
SCURCE: UNIVkRSITy OF CA~IFnkrlIfl 
PE~OHT NLMBEK/cESCRIPTICIN: 1 A-3-42~1-1’ 
CATE: 15 JULY 1965 
CDC CR NASA NO. 1<65-29012 
CONTRACT NUMBER h-74~5’ENC.76 
CFSCRIPTORS: 

1. ATMOSPl-ERIC PHYSICS 
18= METEORCLCGy SUMMARy ~TIJ~IFS 

ln 40 KM 
SNC RFL 

‘5 
36PP 

A 

JACKS0N.R. 5. 
ITS COIXENTRATION, 

~TIONSHIP GIRTH OTHER 

291. AIITHCR~: JALINK#JR.rA. 
~1 INVESTIGATION CF TPF EARTHS HWIZnN IN ThE INFRARE[: 
SOURCE8 UNIVtRSITy OF VIRGINIn 
REPORT NUwBER/CESCRIPTION: ~A~TFF.~ WFSIS 
CITE : JUNE 1966 7OPP 
CDC CR NASA NO. 

CFSCRIPTORS: 
4. RADIANCE IEXPERIMENTAI 15 U ) 
5. RADIANCF (FXPERIMENTAI nlIJFp) 
6. RACIOMLTEPS 
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3n9. 

73. 

232. 

271. 

pljTt4cPs: 
HAGNER No K. 

q uIND AN6 TEMPERATURE IN THE ATF.DSF 
q Quarterly TECHNICAL REPORT N,-I. 1 
So#cE: UNIVERSITY OF TEXAS 
REPORT NUMBER/CESCRIPTION: 
DATE: 1 JULY 1960-30 SEPTEMPED ,960 
ccc CR NASA No. 479078 
CCNTKAO NUMBER DA-23-072-opD,1~64 
CFS:;IPTORS: 

. METEoRCLOGY SUMMARY SSU~~FS 

‘HFRE 

JFHN.K. H. 
, GFRHARDT,J 

BFTWEEN 30 AND 

5 ‘6l’P 

l SF 

AUTHCRS: JEkrK. H. 
WAGNER~NO K* . GERHARDT,J. R. 
HAPAGANID. R. 

q WIND AND TEMPERATURE IN TW ATM~)SW~ 
.cL;AHTERLY TECHNICAL REPORT Nn. 2 
SOURCE: UNIVERSITy OF TEXAS 
RFPcRT NUMBER/DESCRIPTION: 
CATE: 1 OCTOBER 1960-31 DEcFMpEp 1~60 
CDC CR NASA NO. 479079 
cCNTRACT NUMBER CA-23-072-OpD,1564 

DESCRIPTORS: 
18. HETEORCLCGy SuMMAPy STU”IFS 

‘RE BF ;#EEN 

3OPP 

30 AND 80 

‘KM c 

KM - 

ALJTHCRS: JFHNIK. H. 
HAPAGAN.D. R. STEPHENS,J 

•I kIND AND TEMPERATURE IN THE ATMnSPhFRF BF;WEEN 30 AND 
q QUARTERLY TECHNTCAL REPORT Nn. 14 
5GuRCE: UNIVERSITY OF TEXAS 
?EPORT NUMBER/CESCRIPT~ON: 
GATE: 1 UCTOBER 1963-31 DECFMnEp 1963 22PP 
CCC CR NASA NO. 479090 
CCNTRACT NUMBER DA-23-072-OPD-I+64 
:FScRIpTORS: 

18. METEORCLCGy SuMMARy STunI Fs 

. Jo 
80 KM - 

bUTHCRs: JIIHNSoN,F. 5. 
z ATWOSPHERE AND F’EAR SPACE 
SOURCE : ASTRONAUTICS AND AE@U+PACF EN~INFERING 
?FP@RT NuMBER/CESCRIPTTONI VOI. lr @P al-87 
:ATE : INOVEMBER 1963 cl 7F’P 
-cc CR WASA ~0. 

:FSCR IPTORS: 
1. AT~OSP~EP~C PHYSICS 

11(* METEoRCLGGY SUMMARY STUDIFS 

~IJTHCRS: JPHNS@bJ*F. 5. 
, ATMObPHERIC STP!CTLRE 
‘GuRCE: ASTRONAUTICS 

FMORT NUMBER/CESCaIPTIoNt “01. ‘I* L’O. 19 PP 54-61 

ATE: nUbUST 1Yb2 OBPP 
CC CR NASA NC. 

Es;;IPToRS: 
. METEORCLDGY SIIYMARY STwTFs 

ScuRCE : JPL 
pF”CRT NUMBER/CEsCRIPTlDN: 22,772 
KATE: 1 JANUARY 1966 57PP 
CCC LR NASA NO. 
CDhlTHACT NUMBER t!As 7-100 
CFSCRIPTDRS: 

5’ RACIANCE (FXPERIMENTAl “THEp) 
6. RACIOMtTFRs 
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74. AuTHCKs: J@NES,L. k’. 
CI UPPER AIR STRUCTURE MFASUoE’*E*~TS ‘,‘I’IbI SMALL uOCKETS 
SOURCE: SPACt GESFARCH II 
QF~@KT NuM~~EK~CESCRIFTION: 
LATE: 1961 ‘-’ 12PP 
CCC CR NASA NO. 

CFSCRIPTORSI 
140 METE~KCLCGY - SYNoPTIr <TIIDlEs 

209. AUTHCRS 1 JONESVL. t”. 
PETERsON*J. W. . sCHAEFEp.E. 
SCHUL.TE*H. Fo 

n UPPEK-AIR DEhsITY AND TFM~EDATUP~: sObl’t viRl,?TIoNS ANY) 
rrARpuPT WARMING Ir; TIE MESoqprlr~E 
sc~;pcE: GEOPHYSICAL RFSFARcI.1 .101w’pl 
RVOKT NUMBEK/CE~CKIPTION: ~01. 64, Nn. 12,PP 2331-2340 
CIITE: DECEIHBLR 1959 1OPP 
Ccc OR NASA NO* 

SYNopTIr TTIIDIES 
METEORCLCCY - STRATP IVA~~,ITN’*~ 
METEORCLCGY SUMMARY stun I Fs 

714. PuTHCR5: 
CI sTLD~ OF 1~ B~CKFRCUNDS 

SCIJRCF: POLAKCIC CCKP. 
PF~ORT rlUMBEK/CESCaIPTIoN 
EATE: DECEb%ER 1959 1 A?PP 

AN 

CCC CR NASA NO* 
CoNTHACT NUMBER PF 33 (616)5*50 
EFsCHIPTORS: 

:: 
ATMO~P~EPIC PHYSICS 
KADIANCE ITHEOHETIC~L 1% )I ) 

3. HACIANCE (THEORETICfiL OTtIFR) 
18. METEoKCLOGY sUM~IARY STUP I FS 

219. AuTHCR~: 
P THEOKETICAL YFTHCD FOR Dp1~Ih’b A” 

JnNFS*R, L. 
cAPTH-CENTERED LATIIM FROV 

oOPTICAL OBSERVATIONS OF THF rAPT% H~KILOI~ FRnM AN EARTH 
aSATELLITE 
SOIIRCE: LANGLEY RFSEPRCH CE~IT~R 
REP’ORT NuMBER/CESCRIPTION: I.-471b . . 
CPTE: APRIL 1966 
COC CR NASA NO. T~I V-3367 

b0PP 

CESCRIPTORSI 
3* RADIANCE ITHEoRFTICAL OTHFH) 
8. ATT MEASPT (EXCC HOPIT~N 5~rls~sl 

21. DATA REDUCTICN 

75. 41;THORS: JnNES,w* 7. 
WARDIK. A. 

D PEPFORMANCE CF HOKI2ON sE”‘snR 5vsTE”s IN i4RTH ORBI 
s”uRCE : PROC. FIRST SYY.-INFRflKEb sFNsoRs FOR I 
!?FpORT NuMBER/CESCRIPT~ON: 

spACECR FT GUID. l CONTROL 

CPTE: 1965 16PP 
CDC CR NASA NO* 

EESCKIPTORS! 
4. RADIANCF (EXPERIMENTAt 15 IJ ) 

5. RACIANCE (EXPERIMENTAl “THEO) 
7. HORIZON SENSCRS 

lnb. AIJTHORS I 
D RADIATION ElALAL!cE HOHIZON SrNVpS 

KALLET*E. A. 

Sfl,!RCE: PROC. FIRST SyYo-INFRPRFD sFF:cORs FCR SPACECRAFT GUID. + CONTROL 
REPORT NUMBERICESCRIPTIONI w 175-1~3 
LATE: 1965 --. 19PP 
Ccc CR NASA NO. 

cFsC;fPTORS 8 
HORIZON SENSCRS 
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76. AUTHORS I 
COLEIA~ E. 

KANTOR,A. J. 

q zONAL AND MERIDIONAL WIND% TO 170 KILOMET& 
SOURCE: GEOPHYSICAL RESEARCH .IOIIRNAI. 
REPORT NUMBER/CESCRIPTION: VOI 
DATE: 15 DECEMBER 1964 

. 69. NC. 24rPP 5131-5140 

riDc CR NASA NO. 
1OPP 

CFSCRII’TORS: 

:;: 
METEoRCLOGY - SYNOPTIr SI’IIDTES 
METEORCLOGY SUMMARY ST~I~IFS 

47?. 

375. 

257. 

379. 

197. 

AUTHORS I KANT0R.A. J* 
COLEtA. E. 

•I MONTHLY ATMoSPHFPIC STRUCTUDE, QWFACF TO’n0 KILOMETERS 
SO ,RCE; APPLIED kE7ECROLOGY JnupF!AL 
R$ORT NUMBER/CESCRIPTIONI VOI . 4r “‘0, 2, PP 220-237 
DATE: APRIL 1965 loop 
CDC OR NASA io. 

CFs:F$IpToRS; 

18: 
METEoRCLOGY -STATISTI~AI STI*DILS 
METEORCLOGY SUMMARY SSU*IFS 

AIJTHCRS: KbNW1SHER.J. 
,, pCC(2) IN SEA \uATER AND ITS EcF’CT Ok THF pOVEMENT OF CO(2) 
q IN NATURE 
SOURCE: TELLUS 
REPORT NUMBER/CESCRIPTION: r!Ot. 12* ~n.2. pp 209-215 
CATE: MAY 1960 7PP 
n+ CR NASA NO. 

CEsCHIPToRS: 
1. ATMOSPHERIC PHYSICS 

AuTHCRS I KAPLAN,L. I?. 
EGGtRs JR.vC. F 

n INTENSITY ANC LI~JE-WIDTH nF rcrt 15-“IcRO~:*Co~2, BANr)r 
aDETERMINED By A CURVF-OF-GPOI,ITU fi’liTH”LJ 
50 RCE: 

b’ 
CHEMIdL p;ySICS JOIIR”AI. 

RF oF!T NUMBER/CESCRIPTIONI Vol. 25, No. sr pp 876~Ra3 
ohTEE NOVEMBER 1956 - 8PP 
CDC CR NASA NO. 

CEXRIPTORSI _~. - 
1. ATMOsPkER1C FHYSICS 
2. HAcIANCE (THEORFTlcfiL lF 1’ 1 

18. METEORCLGGY SUMMARY STU~IF~ 

ALITHCPS: KFPCAN rL. D. 
o INFLUENCE OF CARPON DIOXIDE v.nR)ArInNS 0’; THE ATMOSPHcRIC 

q HFAT BALANCE 
Sr!uRCt: TELLuS 
~FQ?RT NUMBER/CESCPIPTION: ‘fO1. 179 N”. 29 pP 204-208 

LATE: MAY 1960 5PP 
Cd CR NASA NO. 

l?FscHIPToRS: 
1. ATMOSPHFK!C PHYSICS 

18. METEORCLCGY SUYMAPY S+~J~IFS 

AUTHCRS: KAUTHvR. J. 
q ~‘ULTICOLCR ATI’csPHFRIC ~O%I 5 
SCtWE : UNIV~RSlTy OF CHICAGO 
RETORT NUMBER/CESCRIPT ION: 1 k-Tk-l”7-49 
CATF : SFPTEMBEF; 1963 11PP 
CDc CR NASA NO. 419045 
CONTRACT NLJMBER w-71 
CESCRIPTORS: 

1. ATMOsPhERIC PHYSICS 
3. RADIANCE (THFORET~C~~L OTHPRI 

17. METEGRCLCGv -STATISTIrPI ZTI’DIES 
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77. AuTHCR51 KFELIYGqC. 0. 
RAK~STRAW~N. b,. NATERMAN:.L. 5. 

n CARBON DIOXIDE IN SURFACE HATFps PF THt &IFIC OCEAN - 
Ill’ MEASUREMENTS OF THF DISTRTEIIT To’! 
SOURCE: GEDPHYSICAL RESEARCH .Tol’kL’Al 
RFPORT NUM~~EK/CESCRIPTIONI wt. 7Rr Ibr). 24ePP 6057’6097 
DATE: 15 DECEMBER 1965 1lPP 
~QC CR NASA NO* 

DFSCRTPTORS : 
14a METEoRCLGf,Y - SYNOpTl~ 5TI’DIE’ 

78. AUTHORS I KEELINGIC. 0. 
tl CARBON DIOXICE IN SuRFACE NATFRS “F THE PACIFIC OCEAN 
pt. CALCULATION CF ThE EXCHANGE rTTH THF ATMOSPHERE 
SOURCE: .GEOPHySICAL REsFARCH .IOI’H”A’ 
REPORT NUMBER/DESCRTPTION: Vol. 70. NV. Z4ePP 6099-6102 

CATE: 15 DECEMBER 1965 04@I’ 
r,gC CR MA5A NO. 

CFSCRIPTORS: 
14. METEoRCLCGY - SYNOPTIC 5T’lDTE5 

337. PuTHCRS I KFELINGvC. D. 
q CoNctNTRATIOh AND TSOTOT 1 > r ~~IwDAXFS OF CARPON DIOXIDE IN 
q THt AlF’USPHtRE 
ScURCE: TELLuS 
RFVORT NUMBER/CFSCRIPTlON: “01. 17, Ron. 2, PP 200-203 

IIATF: IdAY 1960 4PP 
f+ CR NASA NO. 

CFSCRIPTORS: 
1. ATMOSphFklC PHYSICS 

216. AuTHCRS: KFRNaC. de 
p FVALuATION OF INFRARED EMrS~1”l.r OF CLOUDS AND GROUND AS 
EIYFASUKED By KEATHFR SATELLITES 
SOURCE: CAMBRICBE RESEARCH l.Ar+. IAF) 
RESORT NUMEER/CES~PIPT~ONI FF~RI -&5-1340 
RATE: NOVEMBtR 1965 112pp 
CDC CR NASA NO. 

cFSCRIPTORS: 
1. ATMOsPhEf.!C PHYSICS 
2. RADIAF!CF: (TtjEORETICfiL I= o I 
3. RADIANCE (THEORkTICfiL I)THFRI 
4* RADIANCE (EXFEPIMENlAl ‘5 U 1 
5. RACIANCE (ExPtRIMENTAI nTUt”) 

16V METEORCLOGY SUMMARY STIJ”TFS 

110. PIJTHCRS: 
p PROPAGATION CF SHORT RACTO wA\!tS 

KERRID. F. IEDITEII By) 

SOURCE: MCGRAN-HILL 
FEFORT NUMBER/DESCRIPTION: UIT PA”.~AR.SER.rvOL.l3rPP 41-50 
CATEI 1958 1OPP 
CDC OR NASA NO- 

CFSCRIPTORSI 
1. ATMOSPHERIC PHYSICS 

18* METtORCLOGy SUMMARY ~+unlFS 

79. AUTHORS! 
p INVEKSTON BY SLABS OF VARYING TH~CKPILSS 

KINGIJ. I. F. 

SOURCE: ATMOSPhERIC SCIFNCE5 .~01tp”‘Al 
REPORT NUMBER/CESCRIPTION~ Vol. 21.P~ 324-326 
PATE: MAY 1964 03PP 
CDC CR NASA NC. 

CFSC;!PTORS: 
ATMOSPHERIC PHYSICS 

18. METEoRCLOGY SUMMARY SsunTFS 
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91. AUTHORS 8 
n REPLY 

KlNGvJ, I. F. 

SOURCE : ATMOsPhERIC SCIENCE< JOIIY~‘AI 
REPORT NUMBER/DESCQIPTIONI ‘fO[. 27, P 96 
DATE: JANUARY 1965 OlPP 
nDC OR NASA NO. 

CESCRIPTORSI 
l* ATMOSPHERIC PHYSICS 
a. ATT MEASCT (ExCL hoa~to~ SEfi~s~s) 

337. A(lTHCR5: K1SS.E. 
TES (1952-1967) II PIBLIO6RAPbY ON V~TFOROLO~I~AI 5PTkI LI 

SCI,RC~ : A~ERICArr EETEORDLOGICFL 5rlclt’TY 
RF’GI~T NWBE~/CFSCRIPTION: 
rATF: AphIL 1963 399PP 
CD( LR NASA NO. F!h4-14260 

CFSCKIYTORS: 
5* RALIkNCt (EXFERIMFNTAl nT”E,?) 

1:: 
RADION~TFFS 
METE~JRcLo(~Y - SYNOF’Tlt- ~1lllilES 

15* METEORCLCcy - RAW DfiTL 
16. METEORCICW - STRATI ~~~rfifp,cs 
179 METEORCLCGY -STATISTICAL sll’~~Ls 
18. KETEGRCLW~ sUWARy STIJP~FS 

Hl. nUTHCR5: Kh!ol L .A. 1 --- 
ECFLSTEIN,W, c‘. 

1 -. 

n Ts~IFIATICN OF LcCAL VFRTI’AI 
~FARTH SATELLITE 01%: THE BAsrs 0 

fir.” “F:“IThL ;ARAMFTFRs FOR AN 

~cuQCE : hONEYkLLL. IhC. 
= W,‘l.‘Or ~F.r50P b:Ebg~?~fi”Ebl~~ 

RFPCHT NIJMBER/CE~C~IPT~ON. 
CATE: 20 JANUARY 1964 
r.nC CR p:ASA NC. 

41CP 

CFSC~IPTORS: 
7. hOtiIZCh FEI:SCKS 
9 . ATTIlUcF cWTPCIL 

P2. A~;TI'CRS: KCCtrANSk.1 .A. 
D cIRCdATI0N Am TkCPERATU@t< “T 7”- TC ~PO-KILOMFT~Q WEIGHT 
SCLFCE : GECPhysICAL kE.sF.ARCcl 10v~h’Al. 
h.~t”c&T t,IUMaE~/CFSCuIpTI~N: “01, 6Y. p<;r.lrp~ 213-226 
I‘ATt : 1 JANUARY 1~63 14PP 
cc CR NASA NC. 

CFS;;IPTORS: 
. METEGF~cL C‘CY - 5yPICPTlr cl”lilEc 

A-3. ALTI’CRS: KnLOSOV.5. (1. 
c COh~ltXION BETkErr! THF TFMFLc~TL,~E FTtLC tlu2 THF FIEI..D 0~ 
WL~TGOING RADIPTIW FROM THF !=Aclbl riv T,;F T~OPOSPHERF 
~oLRCE: PLANLT. SPACE ~CIFl‘urtc 
RFWRT NUMBER/CESCRIPTION: WI . 11 *VP 9P7-993 
CITE: 1963 O?L-P 
PC< CH NASA NC. 

CEsCkIPTORS: 
1. ATMOSWEC IC PkiYSICS 
3. KACIANCF (THEOHFTIC~~L. OTIIFKI 
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P4. 

94. 

174. 

1F14. 

195. 

LLTHCRS: KONDRATIFV~K. Y. 
yPKuStiEvSKPYA,x.. F. 

P ANGULAR DISTRI~~L!T ICN OF Tclk OIITC-OTW* TIIFF::~L RADIAT IW! 1h; THE 
•~~~FEktlUT RLGIORS W THE SW’Tw* 
SCLRCE: LENINGRAr STATE ub’I\/Ef’S~ly 
QEIJCRT N~MBE~~CFSC~IPTION: 620.1333j t8.1,b~P 254-277 
I -  --. FATE: 1962 L4FF 
f!nc CR NASA NO* 

CFSc;;PToRs: 
ATF?OSphEplc PHYSICS 

2. RADIANCE ITWLORETIC~L l* 11 1 
3. HACIANCE (THEoRETIC”L DTIIFc;) 

8(:T&R5: 
GPYEVSKAYA,C. ‘<. . 
SCLnNINeS. v. 9 

KnNDRATIFV,K. Y. 
NIKOLSKIY,~~. A. 
L~&RMA~..Y. w. 
TSAKITSYPlfi.1. V. SHVFD~G. k* 

0 pPC@LF.MS OF 1HL PHYSICS OF rHr n,“r,C,PCF.~rICoLLFCTI(,h, , 
sr RCE: 

,ti 
LENlNGh@P UNIVEkSITY PRrSc 

RF ORT NUbiER/CESCVIFTION: 
C4TL‘: 1963 16r,Pp 
CRC CR FJASA NO, 7T F-184 

rESCkIPTGRS: 
1. ATMoSPhEhlC PHYSICS 
2. hADlANCE ITbEoRFTICFL lc 1’ 1 
3. kACIANCE rTH~CRFTlCfi1 n~t.=k’ 

16. blETEORCLC(.Y +llrl~AFY SyWlF 5 

II;THCP~: KCNGRATIFv,K. Y. 
YAKUSHEVSKAYP ,Y . Y. 

n SpLClRAL DISlFI~LlIC~l OF ‘%TG’-lLG ,i?[,IAT,&I 

CA?E: 1963 
rye CR NASA NC. TT F-21@ 

~F<CHJPTORS: 
1. ATKOSP~E~ or phySIC5 
2. ~AI;IAK(F (TbFCR~TlCFL lc ‘1 1 
3. KAClANCF (rbEO~E71CfiL 011 Fk) 

18. METECRCIcGy SL!‘~~AFY STJP 1 FS 

P,JTKURS: 
o AC1 IlvOMETRY 
SCL RCt : LENI~wGRPC slA1~ Ut;Iq~sr~v 
FF+‘CRT NUMBER/C~SC~IPTI~N: ~1~F-9717 
rATI.: IuDVEt’BtW 1465 
ccc CR NASA ND. 

rFSCfilPTORS: 
1. ATMOSPI-ERIC P~~YSICS 
2. RAcIANCt I~~+FORETIC~~L 1E II 1 
3. kADIANCE ITHFORFTICfiL 0111Fw,I) 
5. 

16. 
RACIANCE (EXPERIMEkTAI‘ ~-lr~m~) 
METEnRCLCGY SuYMARy ST~~IFS 

2l?P 

KWDRATIFV,K. Y. 

6l’rPp 

ALiTHCR5: 
q AnSokPTION CF ATMOSPHERIC TwE~‘~.~L h’“GIATTbN 

KDNDRAT1EV.K. Y. 

!wZ@hF @ANC REGICPI 
IN THE 9.6 MICRON 

SotlRCt : LENINGRAD STATE UbIvteS~lv 
REPGRT NuMBER/CESC~IPTION: TI-F-2~7 
CATE : JIJbE 1964 
CDC Ck NASA NO. 

27pP 

CEqC;;PToRs : 
ATMOSPHERIC PHYSICS 

3. HAcIANCE (THEORETIC~~L DThFR) 
180 METEORCLCGY SUMMARY S~urIfs 
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lab. 

187. 

lR8. 

1R9. 

191. 

PuTHCRS: 
n TNFRARtD ABSORPTION SPECTDU 

K0NDRATIFV.K. Y. 

SOL’RCt : 
” PF krnTFk IN ITS LIOuIC STATE 

LENINGRAD STATE UNI’WST~Y 
PF~ORT NLJ~BER/CESCRIP~ION: TT-F-211 
CATE: JlJLY 1964 27 PP 
?I$ CR NASA NO. 

RFSCHIPTORS; 
1. ATMOsPhEHIC PHYSICS 
3. 

189 
RADIANCE fTHFflRETICfiL OThFKI 
METEoRCLCGY SUMMARY SrU~IFs 

AUTHORS : KnNDRAT1Ev.K. Y. 
m JN~ESTIGATINE THE SPECTRA1 ~I~TPI’UTIOIJ OF SFIORTNAVF RADIATION 
SOURCE: LENINGRAD STATE IJNIwEPS~T~ 
RFPoRT NuMBER/CESCPIPTION: m-F-213 

CATE : JULY 1964 
CDC CR NASA NO. 

2OPP 

CESCRIPTORS: 
1. ATMOSphEplc PHYSICS 
2. RAcIANcE (THEORETICPL 15 11 1 
3. RADIANCE (T~EORETIC~~L OTHF~I) 

18. METEORCLCGY SlWARY STU~JFS 

AtjlHCRSI KONDRAT1EV.K. Y. 
~1 h~ETEoROLCGICAL 1NVESTIGATJoh~S iulTv ~0ChEl AND SATELLITES 
SOURCE: LENINGRAc STATE UNIVE@SITY 
REPORT NUNBER/DE~CHIPTION: TT-F-115 
DATE: SEPTEMBER 1963 2ALPP 
CCC OR NASA NO* 

CFSCRIPTORS~ 
14. METEoRCLCGY - SYNOPTIr ~TI!LJIE’~ 

ii: 
METEORCLOGY -STATJSTI~AI qT”DlES 
MErEORCLCGy SuMMARy SrunJFs 

euTpCRS: 
n t~ETEOROLCGlCAL SATELLITES 
SOlRcE : LENIkGRAD STATE Ul\lJ\‘t!,STTy 
RF OHT J~UMBER/CEscRIpTIoN: TT-F-177 
CUTE: MAY 1964 
ccc CR NASA NC. 

KONDRAT1FV.K. Y. 

285PP 

CEW~PTORS~ 
RACIANCE (T~FoRETIC~~L 1’ o 1 

3. HACIANCE IihEEREiIChL UTI~FKI 
4. 
5. 

RAGIANCE (FXPERIMEtqTAl ‘5 U ) 
RADIANCE IEXPERIMENTAI ~Tw~I>) 

14. METEORCLOC.Y - SYNOPTJr ~TI’G~E? 
18. METEoRCLCGY SUMMAFy STIJ~IFS 

,¶[:THCRS : Kf’NDRAT1FV.K. Y. 
D THERMAL RAOIATIW CF CO(2I IId lFlt PTI.:f’SP&.t.VE 
sol:RCE : LENINGRPJ? STAlE uF’I~~EPs’Jv 
pEpokT NUMB~R/CFSC~IPTION: Tl-F-dp~ 

C4TE : JULY 1964 21I’P 
CDC CR F!ASA NC* 

~FSCR JJ’TCRS: 
1. ATMOSPhFPJC PHYSICS 
2. RAI;IANCE (THFOKLTICEL 15 11 ) 

18. WETEORCLCGY SuY~ARy STIJ~IF~ 

34R. AUTHORS: KONDRA7IFV.K. Y. 
0 cuTGOING HADIATICF: ANT, THF @A”‘lf~v~ L’tAT FL\!X 
qRcE : METEORCLCGY AND HyD@Ol OC-Y 
RF Ok1 J~UMCEk/CESCUIPTIOM: “U, 11 e “P 57761 
CATF: 1965 5PC’ 
CDC CR NASA No, kbh-15457 

CFsckIPTORS: 
1. ATMosPhEFIC PHYSICS 
3. RADIANCE ITHFORETICFL OTIiFFo 
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417. PUTHCR5: KONDRAT1Fv.K. Y. 
q sOC:E PROBLEMS PSSCCIATED WITI-! TC~E I”‘lEhPr’ETATION OF THc; RES~JLT~ 

q DF M:FASuRING Tr!F OUTGOING oApIA116” PY F:FANS nF METEoP~LOGICAL 
aSATELLITES 
sOt,RCF : LENIhGRA[: STATF uNl!/t~slTY 
PE OHT NUMBER/cESCRIPTION: ~IASA TT t-0563 
CITE: OCTOBER 1965 7OPP 
CDL CR F’ASA NO. F54-23118 

CEsC;!PTORS: 
RACIANCE (THFoRETICfiL OT~,F~’ 

5. 6ACIANCE (EXPERIMFNTAl “TVEr:) 
18* KETEoRCLCGY SII’IMARY SSII~IFS 

415. PuTHCR5: K~NDRAUVO. D. 
D cUESTIDN OF THF CAILy VAH’ArlrX, Cr- CLCUDIl~FsS IN ThF SOVIET 
DUN ICN 
5Cl;RCE : AIR FORCE SYSTENS CfV~“A”L 
RF~oRT NUME~E~/CESCRIPTION: FTP-ll-6*-1205,1+2+4 
cPTF : 28 APRIL 1964 L5DP 
CI,C CK NASA NO. 60n525 

CESCRIPTORSI 
14. METEORCLcGy - SYNOPTIC STI’i’IES 
18. METEORCLCGY S[J:~ARY STII~IFS 

a5. AUTHORS: KnZEL*S, tf. 
D ABcU~ A CERTAlI\: rCtTltOD OF KrC&nl”G v~F.@K INFrAkED CA~TATION 
SOIIRCE: AIR FORCF sYSTEQ CnMl’Pw _ -.~ - 
RFPCKT MUMBER/CESCQ~PTIDNI FTn-TT-6X-1130/1+2 
CITE : 16 MAY 1963 OhPP 
t?DC c;R NASA ho. 

C~sc;fi~?ORs: 
RACIOMETFFS 

2i3. AUTHCRS: 
BKOCKMAN,~. E. 

KREIT2RERG.C. W. 

tl COMPUTER PROCESSING OF mEc.DqCfiLF ~~Awl~!sC!~!iE DATA FROM PROJECT 
q STO~MY SPR NG 
SOURCE: Q CAM RICGE R~sFARCH IA~OUATO~IFS (AIR FC?RCEI 
RE~OKT NuMBER/CFSCRIPTION: b~rR1-~6-9? 
CATE : FEBRUARY 1966 
n~c CR NASA NO. 

9APP 

DFSCKIPTORS: 
1. ATMOSP~EPIC PHYSICS 

149 METEORCLCGY - SyNOPTIr SllIDIt+ 

107. ALJTHORS: KRUSE JR.*J. R. 
n RAD ANCE COMPFNSATING HoRTZnN SFII=.OC 
SWC c : PROC. FIRST syY.- INFK~~RFIJ SFNCOQF. F(jR SPACECRAFT GUID. + CONTROL 
RE~OKT NUMBER/DESCRIPTIONI np 105-2n3 
CITE: 1965 9PP 
nDc CR NASA NO- 

CESCRIPTORS: 
7. HORIZON SENSCKS 

2~7. AUTHORS: KuHN,K. H. 
STARK-E. Lu. 

•I HOR zON TRACKERS FCR LuNA” 
SOLJRC I! 

~,UID”NTE AHD dNTRoL sysTEt% 
I LUNAR EXPLORATION AI’D SDAfEfKfiFT sysT~ftS 

RF~ORT NUMBE~/DESCPIPTION: np ln8-152 
CATE: 1962 45PP 
CDC OR NASA NO. 
CONTRACT NUMBER AF 33 (616)~6674 
CFSCRIPTORS: 

1. ATMOSPHERIC PHYSICS 
2. RADIANCE (THFORETICRL 14 o 1 
3. RADIANCE (THEORETICAL OTtlFEo 
-I- HORIZON SF NSCRS 
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2~4. 

355. 

3i3. 

433. 

96. 

R7. 

AUTHORS: KUZNETSOVI~~. P. 
fl cBSFKVATIONS OF ThE vERTI~AI ~I~T~I?JTIO’I OF OZONE I’: THE 
uATMCSPHERE 
Source: BULLETIN cF THE ACApEl*y OF dlENCES OF THE U.S.S.n. 
RF~ORT NuM@ER/cESCRIPTIOM: b’o, n,pP 91-1ro 

l-!ATF: 1957 1OPP 
cf)C CR NASA NC. 

CESCT~PTORSI 
ATMOSPhERlC PHYSICS 

14. METEORCLOGY - SYNOPTlf +T1’31t I; 

189 METEORCLOGY SLJMMAPY SsllnIF5 

PLTHCRS: KYLEIT. c.. 
ELRCRAY,D. G. * MllRCHAy r F. H. 
WILLIAMS*&. J. 

0 A@SOhPT1ON OF SOL.Ak REDlATI pi4 dy fil’WSP~Fi1~ CARBO~,~ ~70xInF 
~IL:RCF: OPTICAL SrlCIETy OF ~MFRIcB .0XP:AL 
RE~OC~T NUMBEK/CESCRIFTION: “01. 5=, ILL. 11, pp 1421-1426 
CATL: NOVE?BkR 1965 b P I.’ 
CCC CR NASA NO. 

CFSC;!PTORS: 
KACIAI\ICE ITHEOKETIC~L oTI.FR) 

5. RADIANCE IEXP~YIQNTAI nTL’~y) 

A(;THCRS: LARITi!Kt .Y. 
IZ MUTUAL RELATION: RE.TwEFN STK~T~Sn~~R= fir:@ TKO~OSPHFPF ~UDIF!G 
q PFRIOOS OF STRATCSPkEKIC u~H”I”(I~ Tl,l vrli~TF+! 
Sc,:RCE: APPLIEC I.‘FTECKOLCGY JmUp;;fiL 
RFpOkT NuMBEk/CFS(RIPlION: “ul. 4, l’F 91-99 
CATE: kEBRuARy 1965 9PP 
CDC CF: NASA NC. 

CFSC~IFTORS: 
1. PTMOSPI-EKIC PHYSICS 

16. KETEORCLC<-Y - STR/LT” ,,aAt-‘1,:,P,r-5 

AI:THGKS: LABITZKE,K. 
VAN LOONqH. 

II F’OIE ON STRATO:f’hEklC ~IDI.~I~~T’~ b.fi”‘IWS ib! THF SCbTHrkY 

P~FWISPHERE 
SC~IRCF: APPLIEC ~~TTFCROLOGY Jq~nidfiL 
RFpCkT NUMEER/C~SCVIPTION: WI. 4, “0. 2, r,~ 292-299 
PATE: APRIL 1965 rjpr 
IYDC CR NASA NO. 

CFsCHIPTORS: 
16. METECRCLCGY - STRATn l*‘Ao ..I,,‘+ 
18* FIET~CRCLCCY SIIM~‘ARY STJ~IFS 

- 
HCRUWITZ,R, , ATNSWCKTII.J. 

c RCCKtT MEASukKI.‘E? TS OF Ttlr barI I: upPF’. :TWSPtdFPF 
Sr?uRCE : GFCPHYS 101 Rf SFAr.Xu .1C)11+..“41 
FFC’ONT NUMBE~/CESC~IPTION: 

CATF: 1958 09FP 
CCC C,R NASA NO* 

~FsCHIFTORS: 

:r 
METEORCLcr~y - SYNCPTI~ 5l”kIEC 

. KETECRCLCrY +U#‘AKY STII”~ CS 

@LTHCRS: LAGOW,~. I . 
HCPOWITZIR. 9 A1NSwCKT~I.J. 

I? APCTlC AlMCSPhtc]C STKUCT”Kr Tr! 240 h? 
SCL’RCE : GECPt+ySICbl. kFSCAP.0’ .IOII~~‘~.I 
RFPCKT ~~UMBER/CFSC~IPTION: 
CATL: 1958 l-lql:t. 
I$ CK NASA NC. 

CFSCtiIPTORS: 
14. blETEcRCLC<%Y - SYNCPTI~ r. ItlbrEc 
18. METEORCLCby !%I~~~AF!Y S~l.ln;~s 
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470. PlJTHGR!a: LAWERT*J. D. 
q R~LAAATIGN Ih GASES 

: ACPDLMIC FFtc5 
,‘“,$$: NUMBE,+ESC~I~i]ON’ . pTW!?C Is*9 %LFCOI Ak PRoCfs.$Es 
CATE: 1962 24rJP 
rnc CR NASA NOW 

CFSC;!PTORS: 
ATKOSPhEFIC PHYSICS 

375. AUThCRS: LANGLFY QLStAkCb CFNTEQ 
n SPtCIFICATIONS FCH THE Dk<lc;r. bA-‘kICr-I lr.\r OuALIFIcPTIqh, 
nFNVIROMMENTAL TFSTING, AF’C CfiL1;:oA’ JW 0~ TI!F DUAL KAOTOYtTFo 
q Assembly’ 
ST: tRCE: 

b 
LANGLEY RESEARCH CthlTrR 

AE OkT NUMBER/CESCRIPTION: 1-7~71 
CAT!?: I NOVEWB~R I963 3PPP 
CDC CR NASA NO. 

R9. PUTWRSI LFNHAHD Jk.rQ. ‘id. 
COUkT IA. I snL’dELA*tt. A. 

q VARIABILITY SHC’db! BY ~OllRl Y ;ililn qW’ND1Nr.S 
sct,~cE: APPL I EC I.‘E T EcKoLOGy J~JF?,“L 
PFpokT NbMBER/CES<.k IPT ION: r’O{ . 2 *VT’ ?Y- 104 

CATF: FEBRUARY 1963 04”P 
rcc CR NASP NO. 

W;IPTORs: 

17: 
METEoRcL.OGV - SYNDPTI~ =TID~E~ 
METEORCI CGV -STAT 1511~~1 5T”b’ES 

Zi?. PuTHORS 1 LILLESTRL*l~~R. L. 
CARH0LL.J. E. 

q NKILON-EASEC SATELLITE Iu~~vIG*TIc;“’ 5ysrF-,; 
sc@CF : IEEt TKAP!S”CT IONS Oh’ fiEri)wnC’ MD ,~PvIGATI~)P FL EcTRD~\I~cS 
RF”ORT NLJM~ER/cFSCHIPTION: v01 . nhq~-In* NO. 7, PP 247-270 
LATE: SEPTEMBER I963 24t’P 
cryC OR NASA NC. A64-10467 
CONTRACT NbMEEH AF 33(657)-0215 
CFSCRIPTDRS: 

2. RADIANCE fThEoRFTICbL l= 1’ 1 
30 HAcIANcE (THEORETICAL [JT~F~~ 
7. hORI2Oh sFI\SCQS 
8. ATT t,iEASpl (EXCL ~cwl’ln” ~~“‘50.5) 

277. AUTHCRS: LILLESTRA~I~,Q. I.. 
CARkDLLwJ. E. s NF.WCOMB*J. s. 

0 AIJTOMATIC CELESTIAL Gll1DA~‘C~, FT. 2: NFI,. CHALLENGE TV DFSIG’\IERS 
nlt!GLNuITY 
so[.RCE : ELECTRCNICs 
RF~oRT N~MBE~/CLSCKIPTION: 
CATE: 4 APRIL I966 11PlJ 
cnC CR NASA NO. 

CFSC~I!PTOKSI 
ATT MEPSFT IFXCL HOPITO-- 5~~5~5) 

9. ATTITUCF cObTROL 
21. DATA REOUCTICN 

ns. AUTHCRS! LINDZEN,R. 
GC0bY.R. M. 

cl RADIATIVE ANC PHoTCC~EMIC~L p~OrE%srs 1~: i?EsflspHER~C DYNAMICS: 
DPART II MODELS FOD RADIATIVE AI’!) PIJOTW~E*:ICAL PROCESSFS 
S~IJRCE: ATMOsPhECIC SCIENCE< ~n#~khlAI 
REPORT NUMBER/CESCQIPTION: WI. 27,h’O. 4, PP 341-348 
CATE: JULY 1965 08PP 
PI% CR NASA NO. 

RFsCKIPTDRsI 
I* ATMOSPHERIC PHYSICS 
3. KAcIANCE ITHEORETIC~L OTHFR) 
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4ii3. PLlTHOR51 
0 SUMMARY OF THE NASA MARKET 

LOCKHEED - CALIFORNIA Co. 

SOURCE: LOCKHEED - CALIFORNIA Crr. 
REPORT NUMBER/CESCRIPTIDN: CAjMp/94 
DATE1 23 AUGUST 1963 27PP 
EDC OR NASA NO. 

CFS:$IPTORS: 
l MISSION PROFILE 

19. LAUNCH VEHICLES AND FACTLITIES 

4i8. AUTHORS: 
HANKS, JR.,h. H. 

LONGIM. 
. BEEREIR 

p TROPOPAUSE PENETRATIONS BV CU~~ULDMIMB~S CLC”Ds 
51: r&E: 

IJ 
ATMOsPhEkIC REsEARCu .ANn ~EVEl.Op:lENT CORP. 

RE OHT NUMBER/DESCRIPTION: fi~r~l-65-541 
CATF: JUNE 1965 
cnC OR NASA NO. 621573 
CONTRACT NUMBER PF 19l62B)-74c4 
CF$,:F$PTORS~ 

17: 
METEoRCLOGY - BYNopTlr 5T’IDIET 
METEoRCLCGY -.STATISTIfAI STEADIES 

. 
J. 

6. 

90. AUTHORS: 
p HORIZON SENSING FOR ATTIT~IDF “ETEWINATICN 

L!INDEIB, K. 

SQ,RCE : GODDARD SPACE FLIGHT CFK’TFR 
RF~OHT NUMBER~DESCRIPTIONI 
CATE: MARCh 1962 19pp 
EDC GR NASA NO. 

CFSCRIPTORSI 
6. RADIoMETEPS 
7- HORIZON SENsCRS 

112. AUTHORS: 
T’JDu*C. J. 

MACCREAGY JR.gP. 8. 

p CONTINUOUS PARTrCLE SPMPLFR 
sfl RCE: APPLIED METECROLDGY J~uD;\~BL 
RF~ORT N~JMBER~DESCRIPTION: WI l 3*PP 450-460 
DATE: AUGUST 1964 LIPP 
CDC OR NASA NO. 

CFS$IPTORS: 
. METEDRCLCGy SUMMARY STUPIFS 

115. AI!THCR~: MACCREACY ,JR. ,p. R. 
cf STANDARDIZATION OF GIJSTINFS- \,A1 UFS FROM AIRCRAFT 
SOIJRCE~ APPLIEC METECROLOGY Jw=I\I~~L 
RFMOHT NUMBER/CESCRIPTIONI \~OI.. 31 UP 439-449 
CATE: AUGUST 1964 1lW 
rnc CR NASA NO* 

CFS~~IPTORS~ 
. METEORCLOGY SUMMARY STWIFS 

116. AUTHCRS: MACHTAIL. 
p TRANSPORT IN THE STRATOSPdPE AnID TWOuGH THE TRoPOPAI,SE 
so :RcE: 
RF OR1 NUMBER/DESCRIPTION; VDl* 6mPp 273-288 b 

ADVANCES IN GFOPHYSTC~ 

CATE: 1959 16PP 
I!($ CR NASA NO, 

CF5CRIPTORS1 
l* ATMOSPHEPIC PHYSICS 
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350. AUTWORSI MPCLAREN.A. pm ~- 
II AL(~TOMATIC CONTROL IN THF PEACEFIIL ust OF SPACt-PART 1 
SOI~CE: CONTROL 
RE+‘ORT NUMBER/CESC!?IPTION: WI. 99 VP 4~3-487 
DATE : SEPTEMBER 1965 5PY 
~nc CR NASA NO* 

CFSC;;PTORSI 
ATT MEASWT (EXCL HOe170fi’ ~E~‘SFSI 

99 ATTITUDE CONTROL 

351. AuTHCRS: MACLAREN .P1. P. 
•I AUTOMATIC CONTROL IN THE pEaCrFI’L USE OF SPACE-PART 2 
SOURCE: CONTROL 
RFIJORT NUMEER/OESCRIPTION: Vol. 9r PP 564-566 

CATE: r\rOVEMBER 1965 9PP 
CDC OR NASA NO. 

CFSCRIPTORS: 
8* ATT MEASvT (EXCL HOP17Ob’ “Eh’sPs)’ 
9. ATTITUCE CONTROL 

362. AUTHORS: MACLAREN,A. P. 
n AUTOMATIC cONTR@L IN THE PEFCFFI’L USE OF SPACE-PART 3 
SOIIRCE: CONTROL 
REPORT NUMBER/CESCRIPTION: WI. 9, PP 632-635 
CITE: hoVEMBER 1965 4PP 
cnc CR NASA NO. 

rFSCb?fPTORS: 
ATT MEASMT (EXCL HOPI?O~I St”‘SpS) 

9* ATTITUCE CONTROL 

117. AI;THCRS: CAEDAmK. 
TAKEYArY. 

q UPPER ATMOSPHERIC TEMPERATUnE AN3 WIND VFtOcITY MEASURED RY 
q <CIINDING ROCKETS --- 
5fllRCE: SPACE R&AFCH II 
RF ORT NIJMBER/CESCRIPTION: w lndn-loa t 

CATEt 1961 03PP 
EDC CK NASA NC. 

DFS~~IPTORS: 
. METEOROLOGY SUMMARY STWlFS 

118. AUTHORS1 MALKEV1CH.t~. 5. 
TATARSKIIeV. I. 

D cETEHMINATION CF TbE VERTICAL TFWE”ATURF’PROFILE OF THE 
q ATMOSPHERE FRCM THE OUTWAW DA”I~~TIo” I”: ~HF C012) ARSORPTIOIJ 
q RANC 
sol!RCE: CoS#IC RESEARCH 

;:y’RT NUMBER/CESCQIPTION: WI. 3.~1, 3, pp 170-~~0 
: 18 AUGUST 1965 21DP 

DDC OR NASA No. N65-34925 

CFScHIpTORsI 

6: 
RADIANCE (THEORETICbL 1’ II ) 
METEORCLOGY SuMMARy STIJ~IFS 

319. AUTHORS: MALKUS. J. S. 

Al Cei$L;y~uCT~RE AND DISTRIBIIT’O~~~S OVER THE TROPICAL P4CIFIC 

DOCEAN 
soyRCE: UNIVERSITY OF CALIFCIRb’lA pdFss/BER~ELEY AND LOS ANGELES 
RE OR1 WMBER/CESCRIPTIONI 
CATE: 1964 229PP 
CDC CR NASA NO. A65-15661 

DFSCRIPTORS: 
14* METEORCLOGY - SYNOPTIC sTIID’EC 
18. METEORCLOGY SUWARY SSIJ~IFS 
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344. AUTHORSI MARKOV,M. N. 
MERs0N.Y. I. . sHAMILEv.M. R* 

n SEASONAL VARIATIONS’OF THF FIFLh OF TERRESTRIAL AND ATMOSPHERIC 
URADIATION IN THE INFRARED PEc:IPI~ OF THE SPECTRUM 
SOURCE; COSMIC RESEARCH 
REPORT NUMBER/CESCRIPTION: VOL. 3r ~0. 2, pp 188-200 
DATE: MARCH 1965-APRIL 1965 13PP 
DDC OR NASA NO* 

DFSC~!pTORS1 
RADIANCE (EXPERIMENTAL 75 u ) 

59 RADIANCE ~EXPERIMENTAI. ~THERI 

414. AUTHORS: MARLATT rW. E. 
a TNvESTIGATIONS OF THE TEPP~RATuPE AND SPECTRAL EMISSIVITY 
RcHARACTERISTICS OF CLOUD TPPF fiNR nF THE EARTHS SURFACE 
SOpRcE: COLORACO STATE UNIVFRCITY 
RF ORT NUMBER/CESCRIPTION: TtcH. 
CPTE: FEBRL;ARY 1964 

PAPER NO. 51 

92pP 
CDC OR NASA NO. N64-29504 
CnNTKACT NUMBER NASH-147 
oFSCRIPTORS: 

5. RADIANCE (EXPERIMENTAI 0 T 
18. METEORCLCGY SUMMARY Srup 11 

HEpI 
FS 

2~2. AIITHORSI MASSACHUSFTTS INSTITUTF OF TECHNOLOGY 
SETRFT q SPACE VEHICLE GUIDANCE JN”EFT.rG~TrO”s EXPLORATORY DEVELOPMENT 

q pROGRAM - VoLLME II,PART c. INSTRUMENTATION RESEARCh AND 

374. 
CoNF. 

q DEVELOPMENT 
SOURCE: MASSACHUSETTS INSTITUTF OF TECHNOLCGY 
RF~ORT NUMBER/CEsCpIPTION: q+-T.m-64-63 
CATE: 10 JANUARY 1963-10 JAr~uAUy 1964 22RPp 
CDC OR NASA NO. 
cONTRAcT NUMBER AF 04(695)-79m 
CESCRIPTOR~~ 

5. RADIANCE (FXPERIMENTAI r\T”Ep) 

AUTHCRS: MASSACHUSETTS INSTITU 
p SPACE VEHICLE GUIDANCE INvt~TlGfiTlo”S ExPLORATDRY GEvFLOPMENT 
PPPOGRAM- FINAL TECHNICAL RFP~RT: VOLIIMF II, PART C. COKTpOL 
PsYSTEM STUDIES, PART D. 
SOURCE: 

INFTpUwENTATION RF.SEARCH AND ~FVELOPYFNT 
MASSAChUSETTS INSTITUTE 

RFPORT NUMBkR/CESCr 
ciF TECHNOLOGY 

?IPTION: R-4+‘, SW-TR-64-296 
CATE: 10 NCVLMBER 1964 3R8PP 
CDC CR NASA NO. 35.5186 
CnNlRACT NkiMBER AF’ 04 (695) -79n 
CESCRIPTOR;: 

6s RACIOMETERS 
7* 
8. 

HORIZON sFNSCRs 
ATT MEASMT (EXCL H0p170L’ 5E”‘Sps) 

9. ATTITLCE CCKTROL 

119. AUTHORS! MASSEy,k’. 5. W. 
p PROGRESS OF THE BRITISH uPPCK A~t+~sptiEpIC ROCKET RESEARCH 
DPPOGRAMME 
~0 RCE: 

v 
INTEKNATIOKAL GEOPtwSrCAL Y~AD ANNPLs 

RE OKT NIJMBER/CESCRIPTION: v01. XTlrPAHT l.PP 36-42 
GATE: 1960 07PP 
CDL CR NASA NO. 

CFscRIPTORS; 
1. ATMOSPhERIC PHYSIC.5 

18. MET~ORCLOGY SUMMARY STU~IFS 

359. AI.ITHCRS: MAYOT,p. 
VlGK0UX.E 

p APPLICATION CF CURTI~-GODCG~~S APpROxIKAT~~N TO THF: 9.6 MICRON 
q RAND GF ATMOSFHEPIc OZONE 
SOURCk: INSTITLTE OF ASTROP~YCI~~-PPR~S(F~AN~E, 
REPORT NUMBER&~CPIPTION: FFfKl-65-265 
CATE: 31 JANUARY 1965 52~~ 
CDC OR NASA NOm 618910 
CONTRACT NUMBER AF 61(0521-6~5 
cEs~RIPTORS~ 

1. ATMOSPHERIC PwsIcs 

TE OF TEc :wic1 .OGY 
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120. AuTHCR5: MCARTHUR.~,. G. . _. 
P-HORIZON SENSCR NAVIGATION E@RpPS PEsULTING FROM-STATISTICAL 
DvARIAIIONS IN Tht cO(2) 14-14 “I~RON RADIATToN eAND 
source: TRANS~ ON 9Tr sYMP. OM “A’L~sTIC MISSILE AND SPACE TECHNOLOGY 
REPORT NuMEIER/CESCRIPTION: ~01 . 1 tpp 261-289 
DATE: AUGUST 1964 29PP 
EDC GR NASA NO* 

DFSC;;PTORSI 
ATMOSPHERIC PHYSICS 

2. RADIANCE tTHEOP’ETICAL lE I’ 1 
4. RADIANCE (EXPERIMENTAI 15 u ) 

14. METEOROLOGY - S’fNOPTlf =TI’DlES 
179 METEORCLOGY -sTATIsTI~AI s~i!CllES 

58. AuTHCRS: MCD0NALD.R. K. 
SECRET p INFRARED SATELLITE RACKGHOU~‘D~-PAPT II= RAcKGROUND MEASUREMENTS 

q Evaluation 
s+CE: BOEING COMPANY 
RF ORT NUMBER/DESCRIPTION: 4Ff~I-1069fI11 
CATE: 30 SEPTEVPER 1961 28PP 
@DC CR NASA NO. 328365 
CONTRACT NUMBER AF 19(6041-74=7 
DESCRIPTORS: 

3. RACIANCE (THEORETICAL OTHFRl 
5* RADIANCE (EXPERIMENTA( PTH~w) 

252. AUTHCRS 1 MCGEE*R. A. 
n ANALYTICAL INFRAPEC RADIATION M~DFL OF THE EARTH 
scuRCE : APPLIED OPTICS 
Report NUMBER/CESCRIPTION: \‘OI . lr “‘0. 51 Pp 649-653 
DATE: SEPTEMEIER lY62 5PP 
EDC CR NASA NO. 

CESCRIPTORS: 
2. RADIANCE (THEORETICnL 16 II 1 
30 RADIANCE (THEORETICAL OTHFR) 

121. PUTHCRS: MCKEEIT. 5. 
WH1TMAN.R. I. 9 ENGLEsC. D. 

tl RADIOMETRIC CR~ERVATIONS OF THE LAKTHS HORIZON FROM ALTITUDES 
q REThEEN 300 AND 400 KILO~ETEW~ 
SOURCE : LANGLEY RESEARCH CE”‘TFR 
REPORT NUMEIER/CE~CRIPTION~ 
CATE: DECEMBER 1964 25~~ 
CDC OR NASA NC. TN D-2528 

CEsc;!pTORS: 
RADIANCE (ThEORETICAL OTHFRl 

5. RADIANCE (EXPERIMENTAI “THtPl 
6. RADIOMETERS 

176. PuTHCRS: MEDITCH~J. 5. 
p 5~uDy OF OPTIMAL LINEAR EFTlM~.TlO~’ FOR A HORIZON SCANNER 
SOURCE: AEROSPACE CORP. 
REPORT NUMBER/DESCRIPTION: TDD-76914540-701-7 
CATE: 25 AUGUST 1964 22PP 
CCC CR NASA NO. 
CONTRACT NUMBER AF 04(6951-760 
DFSCHIPTORS: 

70 HORI2Oh sE”l5CRs 

179. AUTHORS: MEDITCHIJ. 5. 
Ltf4AY.J. L. , JANuS,J. P. 

q ANALYSIS OF AN IIOHI~DN sCfiNh,EF AUTOpOPOus ORBITAL NAVIGATION 
q SYSTEM 
SOURCE: AEROSPACE CORP. 
PFt’ORT N~MBER/CESCPI~TION: 
DATE: JULY 1965 
~DC CR NASA NO. 469349 
CONTRACT NLMBER PF 04(6951 
DFSCRIPTORS: 

79 HORIZON sC”lSCRs 
9. ATTITUDE COhlROL 

,101-6 
61pP 
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93. PuTHCRS: MERLEII’wM. Y. 
PASTERNAK.J* c. 

II ELECTRONIC-SCAF HOkIZON SFNCOD 
. PEARSALL.D. 

sPURCE : PROC. f IFST SYY, -1NFRARFG SFlucOP5 FOR SPACECRAFT GUTD. + CONTROL 
RFPORT NuMBER~CESCRIPTION: PP 217-229 
DATE: 1965 13PP 
CDC OR NASA NO. 

CF5CHIPTORs: 
7a HORlZON SEF’SCRS 

122. AUTHCRS: 
II SYNOPTIC APPLICATICNS FOR TIRES V 
q wrCRON CO-21 ~ASLREMEFITS 
sct;RcE: ARACON GEDpHysICs C”. 
OFPOET NuMBER/CESCPIPTION: R~T-F 
DATE: 30 APRIL 1965 
CDC GR NASA NO* 
CFNTHACT NUMBER ~lP9(188)-5R014F 
DESCRIPTORS: 

144: 
RACIANCE (EXPERIMENTAl 15 u 
METEORCLCGY - SYNOPTIC +TIID 

18. NETEORCLCGY SUMMARY S~umlFs 

II. 

I 
IF5 

MERRIT1.F. 5. 
CHAI’NEL 1 I 14.~~15.5 

2OPP 

173. AUTHCRS: MERPITTIE. 5. 
WANGID. 

p SYNOPTIC STUDIES OF SATELI ITE MFPSUPE~ENT; IFI THE 15 OMICRON 
q co (2) BANG 
SGL!RCE: ARACON GECFHYSICS Cf’. 
REPORT NUMBER/CF~C.PIPTIONI RG~~-F 

GATE : 31 MARCH 19L6 
CDC GR NASA NO. 

48PP 

CONTHACT NUMBER EI lB9(1R131-=9197A 
DFsCHIPTORS: 

1:: 
PAClANcF (EXPERIMENTPI 15 L, I 
METEORCLOGY - SYNOPTIC CTI’DIES 

3Al3. 

4Y7. 

390. 

AUTHCRSZ MERRITTIF. 5. 
PCGERS.C. W. C. 

p MElEORDLGGIcAL SATELLITE =11101L5 W MID-LATITUDE ATMDSPHERIC 
q CIRCULATIONS 
SO 

!J 
RcE: ARACON GEOPHYSICS Cr. 

RF ORT NUMBER/CESCRTPTION! &13-F 
CATE: 30 OCToELP 1965 
flOC CR NASA NO* 

81PP 

CONTRACT NUMGER F!623C6-1584 
CFSCF; ;PTORS : 

kAD!ANCF (EXPERIMENTA PTHEp) 

:;: 
METEORCLGGy - SyNOPllr cTI’D’E5 
METEORCLOGy SIJYMARY SrunIF5 

PuTHCRS: 
q ANALYSIS OF STRATIFORM CLpun PATTFRNS 
DREG ION 
SOURCE : ARACON GFoPHYSICS Cn. 
RFI’ORT NUMBER/DESCRIPTION: AFrRl-63-694 
FATE: 1 JULY- j 1963 
ioc CR NASA NO. Nh3-22441 
CONTRACT NUMBER AF l9(628)-12r 
CFSCRIPTORSI 

18* METEoRCLOGY SUMMARY SrurIFs 

DuTHCRS 2 
p DAlA REPORT CF THE METLOWLnGy 
PVOLLlQ XL1 I - FEBRUARY 1965 Fir 
scL:RCE: U. s. AEF’Y RESEARCH AwD 
RFpOkT NUMBER/D~S~RIFTION: 1kTG 
DATE : SEPTEMBER 1965 
CDC CR NASA NO. 474263 

MERRlTTvF 
IN THE CANARY 

23FP 

5. 
isLANDs 

MET. ROCKET NET. 
CfiL RDCKLT NETCORK FIPIf~‘GSr 

‘IP’GS 
DFVFL~P!‘ENT ACTIVITY 
l”9’67 

309PP 

COMM.(EDITED 4~1 

OFs;;IkTURS1 

15: 
METEoRCLCCY - SYNOP’TI~ CTIGIE~ 
PETEORCLCGY - RAW Drln 

18. #ETEORCLCGy SUMMARY sT!JP]Fs 
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124. 

283. 

333. 

125. 

256. 

2~7. 

AUTHCRS: 
REYERS,N. Jo 

cIERS*B. 1. 

~1 ROCKETSONDE hINP AhD TEIHF’FH~TI!RF r*EfiSuW&NTS PETWEFb! 30 AND 
a70 KM FOR SELECTFD STATION< 
SOURCE : APPLIEC b!FTECROLOGy Jr+uvd~ 
REPORT NUMBER/CESCRIPTION: !‘OI. 3rPF’ 16-26 
CATE: FEBRUARY 1964 1lPP 
CDC CR NASA NO* 

DFs;tIPTCRS: 

15: 
kETEoRCLosY - SYNopTlf qTIIDIE5 
HETEORCLCGY - RAW D&T8 

AUTHCRS! 
Kt,VDST IKOV, I. A. 

MIKHNEV1CH.V. V. 

~1 INVESTIGATION OF THF HIGH LbyFRs nF THE A;MoSPHERE 
SnpRCEl BULLETIN OF THE AcAnEbry OF TCTEIJCES OF THE IJ-S.S.R. 
RE OHT NuMBER/C~SCRIPTION: “10, rle PP 80-107 
CATE: 1957 .2OPP 
CDC CR NASA NO* 

CESCRIPTORSI 
la ATMOsPhEPlC PHYSICS 

14. 
180 

M TEoRCLO~Y - SYNOPflr cTl’D~~5 
M E TEOROLCGY SUMMARY STIJPIFS 

AUTHCRS: MILLARDnJ. p. 
NEELIC. 8. 

!J ALBEDO AND EARTH RADIATIOfi’ “E”uCEp FROM E&,IyITY SE!JSORs ON 
~THE FIRST OREJITIFIG SOLAR OPSFRVATO~Y 
SOURCE : AIAA 
REPORT NUMEER/CESCRIPTION: 64,317 
L-ATE: 29 JClNt 1964-2 JULY 1964 1lPP 
cflc OR NASA NO. 

CFSCRIPTORS: 
3. RACIANCE (THFORETICPL OTHFkl 
6. RADIOMETERS 

AuTHCRS: MILLERuE. 
m NED tiORI2OFl 5Er’s~Rs PLANNED F~K AGENA D 
SOURCE: AVlATICN WEtK AND sPAfE TFCHNnLOGY 
RF~ORT NuMI~ER/CESCI?IPTIO&: ~01. 70, 1\10. 141 PP 82-R6 
CATE: 30 SEPTEYBEW 1963 OSPP 
CCC CR ~JASA b0. 

CFSC;;PTORS: 
HORIZOtV SENSCRS 

AUTHORS: 
GORDONeA. R* 

MILLER-W. L. 

a NUMERICAL EVALUATICN OF I”FTI<TTF sEDIE5 fir&? INTEGRALS WHICH 
q ARISE IN CERTAIN PRCBLEMS nf L~~AQ HEAT FLOW* ELECTROCHFMICAL 
nnIFFUSIoN, ETC. 
50 RCE: 

v 
PHYSICAL CbkCIsTRY .01Rh’At 

RF ORT NUMBER/CESCRIPTIONI ?OI. 3~. PP 2785’2884. 
CATE: OCTOBER 1931 1oopp 
CDC OR NASA No. 

CESCRII’TORS: 
1. ATMoSPhERIC PHYSICS 

AUTHCRS: MINTZIY. 

•I 0 SERVED MtAh FIELI: OF MorI~lu CJF TtIF ATMC;PHFRE B 
EAIu*G* 

SI? RCE: 
P 

CAMBRICGE RESEARCH rth’TFR f81” FOPCE) 
RF CRT NuMBER/CESCRIPTION: G~~PI~Yc, RFSEARCh PAPERS K;o. 17 
CPlE: AUGUST 1962 65pP 
CI?C CR NASA NO* 6266?R 
Cr?NTHACT NIJMBER AF 19f1221-68 
I?FSC;!PTORS: 

ATMOSPHERIC PHYSICS 
18. METECRCLCC~Y SIJM~ARY STlJr I F 5 
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180. 

1Pl. 

243. 

266. 

229. 

303. 

AuTHCRS : MINZNERIF. A. 
0 HIGHFR ATMOSPHERIC DENSITIE+ ANn TE”PEFATURES DEMAE:DED Dy 
aSATELLlTE *ND YtCENJ HOCKET b’E’sl)NFMFNTs 

: GECpHY~ICs 
:;%k: blUMBER/&S; 

CCRP. OF AbaE~lFA 
RIPT~ON: 781-=9 

DATE: 30 APRIL-l MAY11959 32PP 
fx‘- CR NASA NO. 

CFS;;lPlORSI 
l METEfiRCLCGy SUWARY srup~Fs 

AUTHCR~: MIN2NER.R. A. 
RIPLEY rk. 5. * 

q PRDC MODEL ATHCSPHERE.195fi 
cfl ,RCE: 
-b 

CAMDRICGF RESEARCH CENTFV (ATR FcI;CF) 
RF CRT NuMBER/CFSCPIPTION: AFfHr--TN-54-204 
CATE: DECEMBER 1956 207pP 
CDC CR NASA NO. 110233 

c~scHIPTORS: 

:‘,: 
METEORCLOGy -STATIST~~AI TT[DiES 
METEORCLCGY SUMMARY S7upIFs 

ALTHCRS: 
CHAMPION,K. 5. I,,. 

MINZNERnR. A. 

q ARDC MODEL ATMC~DHERES 1959 
, p0ND.H. L. 

sDLIRCE: CAMDRICGE RESEARCH CEh’TFk (Alp FORCE) 
RFPORT NUMBER/DE~CQIPTIDN: fiFCR’--TR-59-267 
DATE: AUGUST 1959 l4ZPP 
0nC CR NASA NC* 

cFs~~IPTORS: 

18: 
METEORCLGGY -STATISTICAl ~TI~DIE~ 
METEORCLCGY SUMMARY 571Jp IFS 

AuTHCRS: CISME*P. 
q MOCELS OF THE ATMOSPHERE INFECWG FF)OP1 MFrFCpOLOG~cnL 
q oRSERvATICNS 
SOURCE: CAMDHICGE RESEARCH IA~.~AIR FOR(F) 
RFPORT NuMBER/cFSCRIPTION: T-F-c~+ 
DATE: AUGUST 1964 17PP 
c:DC CR NASA NC. 453043 
CONTRACT NUMBER AF l9f6281-?8eD 
CFsCRIPTORS: 

18. METEORCLDGY SUMMARY sW”lFS 

AUTWRS: 
2EMANSKy ,M. W. 

MITCHELL.4 
. 

q RESONANCE RACIP~I@N AND EYC~TFD A1O’:S 
SOIIRCE: CAMBRIDGE UNIVERSITY Dqrsc 
PEPOHT NuMBER/CFSCPIPTION: 535.2 -69 c.1 
DATE: 1961 33RPP 
cnc CR NASA NO. 

. c. G. 

EFsCRIPTORS: 
1. ATMOSPhERlC PHYSIC5 

18. METEORCLCCY SUMMARY STU~IFS 

AuTHGRS: 
ThDCiPSONvA. H. 

MCHLER,F. I. 

D ~NVESTIGATICN CF RADIATIO ” rbTTFR”‘S IrJ Thi 8-12 #IcRnh’ PANGF AS 
&RSERVED BY TIROS III oVf.R THF C”RlDwW StA DU!?ING ThF PER10 
q 2n-21 JULY 1961 
Sc(,RCE : TEXAS A AND M RESEW& FOI’N~ATIC~~ 
~FWIRT NLMBER/CESCnIFTlON: pFr~‘-64-236 
DATE: 1 FEBRUARY 1964 34UP 
r:oC CR NASA NC. 435823 
cr?I.!TRAcT NUMBER PF 19 (604) -e450 
CEsCt7;PTORS: 

RADIANCE IEXPERIMENTAI ~THEP) 
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pa 

1?6. AUTHCRS: M0LLER.F. 
fi ON ThE INFLUENCF OF CHANGFS I+ THF CO(Z) C~NCENTRATIOM Iry AIR 
q oN THE RADIATION RALANCE OF THF FAvHs SUPFACE AND ON THE 
q CL IKATE 
S,-J &E: 

b 
GEcPHYSICAL RE ‘SEARCH JOI 14~‘Al. 

;;,;“’ NU’QER/IXScRIPT ‘IONI Vol. bH “‘0, 13,PP 3377-3886 
: 1 JULY 1963 

COi CR-NASA NOa 
1ODP 

CESC;!PTORS’ 

2. 
ATMbSPhERIC PHVsICs 
RAGIANCE (THEORETICBL 15 11 1 

105. AuTHCRS: fAORALES*F. W. 
~T;;:OND-HARMCNIC EDGE-TRACrtD WPIZOY SENSOR, AZIMUTH-SCANNING 

SO RCE: 
v 

PROC, FIRST SyM.-INFHflVFl? s’1qSOEs FOR SPACECRAFT GUID. + CONTROL 
RE ORT N~~~ER/DESCRIPTION: bP l-3-157 
CATE: 1965 25PP 
CDC CR NASA No. 

CFSCHIPTORS: 
7. HORIZON SFNSCRS 

30-l. PUTHCRS I 
FCSDICK,G. t. 

M0RGENTHALFR.G. w. 

n SELECTION OF LAurdcH VEHICLE=.. 
q FxPLO~ATICN OF THF SOLAR SVSTE” 

SPACECRAFT, ‘AND MISSIONS FOR 

SCIIPCE: MART IN COMPANY 
RF~ORT NUMBER/CEbCRlPTION: a-64-6 
CATEI JUkE I964 232PP 
r.nc CR NASA No. 
CONTRACT NUMBER ~105 8-11123 l !dps a-11057 
CESCRIPTORS: 

:9”: 
MISSIOF; PROFILE 
LAUNCH VEHICLF~ AND FbClLl~l~z 

406. AUTHORS; M~IST~S. L. 
q SUMMARY OF SPACE SYSTEMS cll’D1~5 I\Nn DEVELOPMENT CONTPACTS 

LUTE: JUNE 1dk4 
DDC OR NASA NO* 

54PP 

CEs:;IPToRS: 
. MlSsIcN PRcF!LE 

19. LAUNCH VEHICLES AND FACTLIT~ES 

177. AUTHCRS I M’JENCH,H. s. 
0 DYNAMICS OF THE wINTERTIMF ~TQATOSPI+RE CIQCULATION 
souRCEl ATMOsPhERIC SCIENCES .tollRNAI 
RF~ORT ~~UMBER~CESCR IPTIoN~ t/01.. 27.~~ 349-360 
CATE : JIJLY 1965 12PP 
DDC CR NASA NO. 

OES;~IPTORS: 

16: 
METEoRCLCGY - SYNOpTlr qT”UlE9 
METEoRCCOGY - STRATC ldADl~lN% 

150. AI:THCRS: MURCRAY rD. G. 
MLHCRAY.F. H. . WILLlAMS.ti. J. 

II RALLOON BORNE I~:FRARED STIIDTEC 
SOURCE : CAMBRICGF RESEARCH IA~~UATO~IES (AIR FORCE) 
REPORT NUMBER/CESCRIPTION: EFfRl 65-755 
CATE: 30 SEPTEpBEc! 1965 24pp 
CD~ CR~NASA NO. 
CCNTRACT NUQEk ~~19160417479 
cESC;!PTORSI 

RACIANCE (FXPERIMENTAI ~TUEP) 
6. RAcIOIETFRS 
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2Rh. AIITHCRS: MIJRCRAY~D. G. -- 
MURCRAY~F. h. , WILLIAt4S.w. J. 

n vAliIATION kITH ALTITUDE OF TYF TRAN~MITT~ACF OF THE EARTHS 
oATMCSPHERE k1Tk GRATING RETOIUTI~N 
SOURCE: UN 
RFPOHT NUM &/CEScpIPTION: a 

VERSITY OF DENVEP 
bFwl-65-854 

DATE: NOVEf.!BER 1965 1RPP 
~DC CR NASA NO. h26632 
CONTRACT NuM6ER AF l9(6281-5202 

DESCRIPTORS: 
1. ATMOSPHERIC p~~slcs 
4. RADIANCE (FXPERIMENTAI 15 u t 

408. AUTPCRS: MURCRAY rD. G. 
0 pACIANCE OF THE EARTH IN %.IEcTFD W~VELE~.GTH INTERVALS AS 
PoPSER~ED FROM HIGH ALTITUDES 
SOURCE: UNIVERSITY OF DENVEP 
RFPORT NUMBER/CESCQIPTION: DRY “‘0. 2149 
DATE: 31 MARCH 1964 193PP 
CDC OR NASA NO* 437632 
CONTRACT NUMBER AF 33(6161-7633 
CESC;!PTORS: 

RADIANCE IEXPERIMENTAl ~THES) 

394. AUTHORS! NbKORENKO,rl. F. 
TCKARIF. G. 

p CLIMATE CF THE USSR. CLIM~TF “F wE FREE ~TMDSPHERE. ISSUE R 
SOURCE: AIR FORCE SYS?EYS CDM’lAfi’U 
RFPORT NUMBER/CESCRIPTION: FTn-“T-63-739 
FATE : 

.-. 
9 FEBRUARY 1965 

(-mc CR NASA NO. 613988 
263PP 

CFSCHIPTORS: 

ii: 
METEORCLCGY -5,TbTI~~lrbl STIIDIES 
METEORCLOGY SUMMARY STU~IFS 

5-t. AUTHCR5: NASA 
USAF 

CoNF. p PROGRESS OF THE X-15 RESE~HCH AlRPLbNF ppi)GRAM 
SCURCE: FLIGHT RESEARCH CENTEP, LD~~R~S AIR FORCE EASF 
REPORT NUMEEK/CESCRIPTION: 
KATE : 7 OCTOBER 1965 l39PP 
0nC CR NASA NO. NbSA SP-90 

CESCHIPTORS: 
4. RACIANCF (EXPERIMENTAt 15 u l 
5. RADIANCE (EXPERIMENTAI ~1~~~1 
6. RACIOvETEu5 

215. AUTHCRS: NASA 
p SIGNIFICANT PCHIEVEf~ENTS TN PI AwTAPY AT?OSP~ERES, 1458-1964 
SOURCE: NASA. 
RE~C~T NIJMBER/CESCBIPTION: 
GATE: 1966 59rp 
EDC CR NASA NC* SF-98 

CFSCRIPTDRS: 
1. ATMOSP~EFIC PHYSICS 

18. METEoRCLOGY SUMMARY STUDIFS 

4n7. PuTHCRs: NASA 
p OFFICE OF SPACE SCIENCE AF’D AoPt ICATIONS - 
DA LISTING OF PRCC,RAI/ OPPORTU~:ITIFS 196%19eO 

PROSPECTUS 1964 - 

SfluRcEl NASA 
REPORT NUMBER/CESCRIPTIONI 
CATF: I964 
cnC OR NASA NO. 

197PP. 

CFS;;IPTORs: 

19: 
MIssIcK PRCFILE 
LAbNcH VLHICLES AND Fbc I LIT~ES 
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464. 

4n5. 

179. 

1ao. 

2;4. 

AIJTHCRS: NASA 
n CFFICE OF SPACE SCIFNCE AbID A~PLICATIChS - Prospectus 1965 - 
q A LISTING OF PPOGpAC OPPORTU~~ITIF~ - 1966-1985 
SOURCE 1 NASA 
REPORT NUMBER/CESCRIPTION: 
CATE : 10 JUNE 1965 
ctyC CR NASA NO. 

CFsCRIPTORS: 
13w MISSICN PROFILE 

AUTHCRS: NASA 
•I OFFICE OF SPACE SCIENCE AvD APPI I~ATICIGS - APPENDIX R. 
q DFSCRIPTICNS CF PRESENT AND ~W”JFCTE~ PROJECTS REFERE~!CED IN 
DOSSA PROSPECTLs 1965 
SOURCE : NASA 
REPORT NUMBER/DESCRIPTION: 
CATE: 10 JUNE 1965 315PP 
CDC CR NASA NC. 

CFS:~IPTORSI 

13: 
TRACKING AND DATA AWIIICITION 
MISSICN PPOFILE 

:I’ 
METEORCLOGY SUMMARY STU~IFS 

. LAUNCH VEHICLES AND F~~CILITTE< 

AUTHCRS: NEWCOQ JR.*A. L. 
GROOMIN. J. s HATCHER-N. M. 

rl NOVEL MOON AND PLANET SEE~I~IG ATTITIIDE SFNSOR FOP USE 1N 
aSpACECRAFT ORIFNTATION AND Cr\NlRClL 
SI?URCE: LANGLEY RESEARCH CE~~TFR 
RF~OPT NUMBER/CESCPIPTION: PP 4p-54 
CPTE: 
Cot CR NASA NO* 

07PP 

DESCRIPTORSI 
7* HORIZON SENSCRS 

AuTHCRS: 
q CIRCULATION CF THE UPPER bTu09pwE~E 
SOURCE: SCIENTIFIC AQRICAN 
REPORT NUMBER/DESCRIPTION; 
CATE: JAh 1964- JL!NE 1964 
I)CC CR NASA NC. 

CESCRIPTGRS: 
1. ATMOSPHERIC PHYSICS 

NEWELLeR. Fe 

13PP 

PuTHCRSI NEWELLIP. F. 
•I FURTHER CZONt TPANsPoRT CPLCUICTI~NS AND THE SPRING MAXIMUM 
BIN CZONE AMOUKT 
SOURCE: PURE AND APPLIED GkWcrycICS 
REPORT NUMBER/CESCPIPTIONI \‘OI. 59. 111. PP 191-206 
iArE: 1964 16PP 
CDC CR NASA NO. 
CCNTRACT Nl,MBER AT(30-11224! 
CESCRIPTORS: 

A: 
ATMOSPhERIC PHYSICS 
METEORCLCGY -sTATISTIcAt STIIDIES 

18. NETEoRCLO~Y S1!MMARY STUP~FS 

AUTHCR5: NIELSON~R. L. 
BCDEtD. E. 

IY FFFECT OF BACKGRCUND RADIATION’ nFi PPOTOC&UCTIVE INCIUM 
IJANTIMONIDE 
SOURCE: SANTA BARPARA REsEApCw CEfi’TFK 
REPORT ~~uMBER/CESCRIPTION: 
CATE : 03PP 
Cnc CR NASA NO. 

CFSCI?~PTORS: 
RADIcMETEpS 

79 HOH IZON SENSCRS 
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Ii4. PUTHORS : 
BANDFEN,W. I?. 
KUNDE ,V. 

CI STRATOSPHERIC TU’PEKATURE PATTEDJ~S PASED 
q MEASUREMENTS FWCM TI-E 11~0~ VII TATEILITE 
SOURCE: GODDARC SPACE FLIGHT CEMTF~ 
REPORT NuMBER/CFSCRIPTION: TMxSCu45 
LATE: MAY 1964 57F 
IXIC OR NASA NO* N64’28930 

NORDBERG 
* WARNECKE 

&I RADIOME 

‘P 

CESC!-!IP~ORS: 
4e RADIANCE (EXPERIPENTAI 15 u I 

::: 
METEOROLOby - SYNOPTIr CTl’DlE’ 
METEORGLOGY - RAW CATA 

16* METEORCLCGY - STRATI? WAP14 rN6S 

17. METEORCLOGY -sTATISTI~AI STIQIES 

132. AbTHCRSl 
SCIlH*W. 

~0R08ER6.w. 

o ROCKET MEASUREPEMT OF THE STRICTURE UF TH; UPPER STRATOSPHERE 
PAND MESGSPHERE 
sOLIRCE: SYCPOSIU~ 0N STRATO~PHEplc AFlP MESOSPHERIC CIRC,,LAT!oN, BERLIN 
REPORT N~JMBER/CESCRIPTION: PP 391-409 
LATE; 1962 19PP 
CDC CR NASA NC. 

CESCCIPTORSI 
I* ATMOSPHERIC PHYSICS 

18. METEORCLOGY SUMMARY SsurIFS 

Ii3. AUTHGRS~ 
SlROll~rw~ G. 

N0RDBERG.k. 

tl sEASUNAL, LATITUDINAL AND UIUP~~AL VARIATIONS IN THE UPPER 
PATMCSPHERE 
SCURCE: COGDARC SPACE FLIGHT ~F~TFR 
RFHORT NUMBER/CESCRIPTION: 
L-ATE: APRIL 1961 1hPP 
CDL CR NASA NO* TP, D-703 

CFSCFIPTORS: 

::: 
METEORCLGGY - SyNOp~lr +TI!OIE+ 
CETEORCLCGY -5TATISTIrAI STUDIES 

18. METEORCLCGY SUMVARY STU~IFS 

2hO. AuTHCRS: 
BAFbEEN*w. R. 

NORDBER6.w. 
9 C~NRATH~B. J. 

KLNDE,V. , PFRsANO~I. 
II PRELlMINARY RESULTS OF RkrIbTvO”~ ~EASLIREMENTS FROM THF 
~TIRCS IrI MLTLOROLOGICAL SA’IFLI ITE 
ScuRCE: ATMoSPhFRIC SCIENCE5 .IOIIRFAL 
RFHoRT NUMBER/CFSCRIPTION: \‘oI. 19, NC. 1, pp 20-30 

LATE: JANUARY. 1962 1lPP 
nnc OR NASA NO- 

CESCKIPTORS: 
5. RAGIANCF (EXPERIMENTAt 0THEnl 

18* METEORCLCOY SUMMARY STUPIFS 

23n. AIJTHCRS: 
R ATTITUDE CONTROL CF EARTH SbTrLI ITEQ 

NOTONvA. R. U 

SCURCL: JET PRCFuLsICN LAROPATOC~ 
RFHOAT NbMBEk/CESC9IpT ION: FXTEPRIAL pl!B. NO. 505 
FATE’: 3 JUNE i95R 45PP 
CDC OR NASA NO. 264298 
(0NTkACT NUMBER DA-04-495-OrD lp 
CFSCRIPTORS: 

7. HOR IZCh SFNSCRS 
9. ATTITUCF CflFJlRCIL 
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399. 

400. 

138. 

139. 

140. 

141. 

PUTHCR5: OFFICE OF MANbED SPACE FLIGHT 
@APOLLO EXTENSION SySl~MS(firS1 ~APA~II 1.~1~s FOR FART){ ~RBIIPL 
IJANE LUNAR ExPER 1C:EFJT.S 
SCURCE: NASA 
RF~ORT NUMBER/CESCRIPTION: 
CATE: JULY I965 3D”P 
CDC CR NASA NO. 

DFS:;IPTORS: 

19: 
MISSION PRcFILE 
LAUNCH VEHICLES AND fAcILlTl~s 

AlJTHCR5: OFFICE OF MANNED SPACE FLIGHT 
m APOLLO EXPERINEMTS GUIDE 
SCIURCE: NASA 
REPCRT NUMBEk/CESCRIPTION: b’pr Son-9 
DATE : 15 JUNE- 1965 5OPP 
I)OC OR NASA NOa 

DFSCRIPTORSI 
13. MISSION PPOF ILE 
19. LAUNCH VEHICLES AND FACILITIES 

AuTHCRS: 
~1 AIW FORCE/MIT PORIZON DEFTNITIW PROGRAM 

0GLETREE.G. 

sn(!RcE: MIT 
nFl’ORT NUMBERICESCRIPTION: R-497 

CITE: 
. 

HAY 1965 14PP 
Cd CR NASA ND* 

CFSCHIPTORS: 
2. RADIANCE ITHFORETICnL IS II ) 
3. RADIANCE (l@OR~lIcfiL 01~~~21 
4. 
5. 

RADIANCE (EXPERIMENTAi 15 U 1 
HADIANCE l[XPERlMENTAl ?lvEP) 

6* RADIOMtTERs 
7. hoRIZON SENSCRS 

AUTHORS: 
PEARSONIF. A. 

q INFRARED MODEL ATWSPHERET 
SOURCE: LOCKHEED MISSILES AND SPACE CP. 
REPORT NUMUER/CESCRIPTION: LMv-A325515 
CATE: 14 JUNE 1963 95PP 
CDc CR NASA NO. 40R260 
T~FITRAcT NLMBER AF 04 16471-787 
CFSCHIPTORS: 

I* ATMOSPHERIC PHYSICS 
2. RADIANCE ITHEORFTICAL 15 I’ 1 
3. RACIANCL (TNFORETICAL OTt,FR) 

15. METEORCLCGY - RAW DATn 
18’ MET~ORCLCGY SUMMARY STU~IFS 

OPPELIG. E. 

PI!THcKS: PALES*J. C. 
Kt ~1hG C. C. 

q CON E ENTRLTION OF AT~ospWEnlr iQvt%m DIO~I~F IN HAWAII 
CE: GECPHYSICPL REsFARCu .wI~~‘AI 

RF “%RT tWMdEH/CEsCPIPTI~h: VOI . 7n,rlo 
CATE: 15 DECCMBEE 1965 

. 249 PP 6053-6076 
24pp 

CCC CR NksP NO. 

CFSCRIPTCJRS: 
14. MEI EDRcLcGY - SYNOPTIC cTI~DIET 
18. METEORCLCC.Y SWICARY STUPJFS 

AljTHCRS: 
•I ~ICF-ANGLE. 

PALSER,k. F. 
LIt:EPR-oIJTPUT hnH1ZnN SFNSOR OPTICAL SYSlFf.1 

SCIIRCt : APPLIED CFTICS 

l?FSckIl’TOHS: 
7. hORIZON SFF,SCRS 
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311. PUTlJCR5: PALSER,b. F. 
0 INVESTIGATICN CF PRoBLEIMs AssWlATEr ~1~1: THE DETECTION OF 
pI.UNAR HORIZON FRW P SPACE VrHfcl~ - MCNTHLY PROGRESS REPORT 

THE 

SOURCE: hORTCiOhICS 
RF~oRT NWBER~CESCRIPTION: 
GATE: 1 APRIL 1964-l MAY 1964 3PP 
~6 CR NASA ND* CP 58762 
CONTRACT NLMBER Nks 8-11039 
CFSCPIPTORS: 

6. HACIO#ETFRS 

30. AIITHCRS: PFDERS0N.F. 
FLJITAIT. 

D SYNOPTIC INTERPPFTPTION OF TIW~ fir P~As~REMENTS OF INFRARED 
DRPDIA~ ION 
SO 1RCt: 

b 
UNIVERSITY OF CHICAt% 

RF OUT NUMBER/CESCPIPTION: WCEFHCH PAPEP NO. 19 
PATE: OCTOBER 1963 39PP 
cnC CH NASA NO. 428170 
CONTRACT NUMBER cb,~! kRG-6 
CESCKIPTORS: 

14. METEORCLOC,Y - SYNC-WTI~ CTIIClES 
18. PETEOHCLCGy SUMMARY STUqIFS 

276. AL!THCRS: PFRfKy,e. 
p lNFRvRED HORIzCI,I STUDIES 

SCII.RCE: BLOCK ENCINEFRING, rhr. 
RFPORT NUMBER/CESC~IPTION: AFfRl -64-210 
CATE : 31 DkCtMBF.O 1963 14PP 
ri?C CR NASA NO. 430Hi3.I 
CC.NThACT NUMBER AF 15(628)-7946 
CFSCHIPTGRS: 

4. i?AOIANCE (FXPERIMFNTAl 15 ” 1 
5. RADIANCE (FXPERIMFNTAI PTP’EI?) 

J. 

102. AuTHCRS: 
I, APT, ON-BOARC GRIDCING SySTF” 

PETRELLA*A. J. 

ARACON GEOPhYslCs 
- PuA~E II-BREADBOARD DEVELOPMENT 

SOURCE : 
FErOk:T NUMBER/DESCRIPTION: do-72 
CATE: JANUARY 19b6 RDD 
;nC CR NA&NO. 

-, 
fo\!TRACT NIJMBER luAs 5-9012 
CFSCRIPTORS: 

20. DATA HAF;DL.I~G 

234. PUTHCES: PHII CC CORPORATION 
D DOPPLER PRoPAGFTION STUDY 
SO(!RCE: PHILcO COcPoGATION 
RFPORT NUMBER/CESCRIPTION: WI -Tkl993 
CATE: 31 JANUARY 1963 58PP 
Eoc-CR NASA NO* 297414 
c~,NTGAcT NUMBER LFC4(6951-113 
CFSCRIPTORS: 

1. ATMOsPhEC IC FHySICS 
18. METEoRCLO(.Y SWMAKY 5vJpj~s 

4n1. PLTHCRS: PLANNIW. HF5EARCIA CORP. 

cCU~LAS AIRCRbFT CO.* Iv* 
q TEI\-yFAR PRCJFCllOE: - MISCII t P”I) SPACE “;PKFT - V(:LU”E 2 - 

q AY FRODUCT ARkAs 
:fl(,RCE: PL.AN~IhG RFSFPRCH C.pkr. l D”ucLAS ~IRCPAFT CC., INC. 

RFPORT NuMBER/CESCRIPTION: 

cATE: 5 N@VEMBtP 19b2 135FP 

rnC CR NASA hC* 

I?F~CRIPTDRS: 
11. TRAChIhG AhD DATA Aw’I~ITIW 
19. LAuNct’ VEt’lCLEs AND FflC’i’T1ES 
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247. AU HCRS: 
I31 

PLASS~G. 1;. 
NFRARED THPI\SF’l55IDh’ STUplrs ~IhfiL HEPCC’T, VOLUME V , 

q TRANSMITTANCE ~Af?Lks FOR SIA~,T pfiT’J5 IN TCE STRATOSPHFPE 

so RCE: FORD CCTCR CC. 
FE ORT NUM~ER/CESCRIPTION: csbTDa-A2-127-vOL. V P 

CATE : 22 MAY 1963 297PP 
cnc CR NASA NC. 415207 . 
CONTRACT ~&MB& Ai-D4(695)-Q6 
CESCRIPTORS: 

1;: 
ATMOsPbFPIC FHY.sICS 
MEIEoRCLCC,Y SIJMMARY STU~IFS 

265. AUTHCRS: PLASSvG. rr. 
n INFRARED THAN~cI~SION STUPIFS-VnLl@MF l-SFtCTRAL BAkn 
•~~SCRPTANCE FCR ATb’CSPHERIT cL”NT OAT)+5 
sfluRCE : FORD ACTOR CC. 
REPORT NUMBER/CESCi?IPTION: =s”-TD~-~2-127-V0L. 1 
CATE : 2 AUGUST 1962 
r.nC CR NASA NO. 446109 

3.8PP 

CobITfiACT NUMBER IF 04 l695)-06 
rFsC;;PTORS: 

ATMOSPHERIC PHYSICS 
18. METEORCLG~Y SUMMARY S~url~s 

365. AIJTHCRS: PLAss*G. N, 
E INFRARED TRANSV SSION STUDIFS-FINbL REPORT: VOLUME TV, THE 
UINFL~ENCE OF rq$” .POLS WEAK LINFS 0”’ THF ARSORPTANCE OF A i 
D~PECTRAL BANE 
S&RCE : FORD MCTOR Cc. 
RF~ORT NUMBER/CESCpIPTIoN: CS~-~D~-h2-127-~oL~~!k IV 
CATE: 12 APRIL 1963 26cP 
rnC OR NASA NO. 405151 
CcvTRACT NLMBEH AF D4(695)-06 
CFSC~IPTDRS: 

1. ATMOSP~EUIC PHYSICS 

255. AUTHCPS: PRABHAKARA ,C. 
q FFFECTs OF NCN-PWOTOCHEMI~AI DK~CFS~ES oh8 THF: MERIDIDMAL 
q OISTRI~UTION AND TOTAL A~OI~IVT nF 070h’E IN THE ATMOSPHFRE 
!?oLRC~ : GODDARC SPACE FLIGHT CE”rFR 
RF~OHT NuMBER/CESCRIPTION: 
CATE: JUNE 1964 34PP 
CCC CR NASA NO. TN D-2106 

CFsCHIPTORS: 
1. ATMOSPhERIC PHYSICS 

1tJ* METEORCLCCY SUMMARY STII~IFS 

l&3. A(,THCRS: PQIEsTLEY*C. h. R. 
m TSCTHOPIC LIPIT ANC THE HIC~~=C~LF “F TuQBuLENcE 
SCI!RCE: ADVANCES I~I GFoPHYsIC? 
RF~CRT NUME!ER/CESCHIPTION: “01. 5,r “F 97-100 
CITE: 1959 4PF 
cnC CR NASA ~20. 

CEsC;iPTORS: 
ATMOSPhEk1C PHYSICS 

18. METEORCLC~Y SU’qMARY S~?lp I FS 

144. A(lTHCRS: QIJTROZ.J. Y. 
DLTT0N.J. A. 

q LIPPER-STRAlCSpkFRE DENSITu AIM” rE’IPFHAT”P; VARIABILITY 
q OFTERMIigED FWCM ‘.ETFOROLOGlCfiL k”CWE~ NFT’OQK RESULTS, 1960-1962 
Sfl(:RCE : AIR kEbT,+FQ SFRVICLfPv!? FPHCE) 
FEpOfZT NUMaEk/CESCQIPTION: 175 
CATE: DECEMBER 1963 44PP 
CDC CR NASA NO* 

CFS:;IPTORS: 
. METEoRCLcGY - Sy~~pTir ~TfviES 

150 METE~RCLCGY - RAW DfiTr 
17. METEORCLCCY -STATISTIrAl STllbTES 
18. MET~ORCLCGY SU~~‘ARY 5711~ If s 
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323. AuTHCRs: 
HILLEARY~D. 1. 

SA1EDY.F. 
. M0RGAN.k. A. 

p CLCUD-TOP ALTITUDE YEASUK’MF’~T~ FPO~’ SATFLLITES 
S0l:RCt: APPLIEC CpTICs 
REVOKT f’duMBEK/DESCRIPTION: “01 . 4. “‘0. 4. Fy, 495-500 
CATE; APRIL 1965 4PF 
r!DC CH NASA NO. 

CESCKIPTGRS: 
1. ATt+OSPhEKIC PHYSICS 

lB- METEORCLOGY SU’JMARY SW” I F s 

7PS. PLTHCRS: 
HILLEARY rD. T. 

SAIFDYeF. 
, WARKID. 0. 

q CLCUD-TOP ANC SuQFACE TCMn’tpATLlpEq AidD TF~~~ERATURE SOIINDINGS 
pFROM sATELLITLs 
SOURCE: UNIVERSITY OF MARYLPNn 
RFHORT NuMBER/C~SCRIPTIDN: 
ITATE: 22 NCV. 1965-24 NOV. lY15 1lclP 
Dot Ok NASA NO, 

DFSC;!~TORS: 
RADIANCC (THEORETICAL lE 10 ) 

4. 
18. 

RADIANCE (EXPERIMEN~AI 15 u ) 
METEORCLOGy SUYMARY 5~9~1 Fs 

3~6. AL’THCRS: SAIEDY*F. 
k.AR);,D. Q. Y0RGAY.k; A. 

o rLcuD MEASUR~MF.FITS FROM GWIVI-5 I’STI~ RF.;LECTED SOLAQ 

nc?AOIAlION _,.. 
scL,RCE : -uNIvkRSITy OF N1ARyLfiW 
REPORT NUMBER/CESCQIPTION: 
DATE: 22 NOV. 1965-24 NOV. !9r5 
rr,C OR NASA NO. 

RPp 

CFSCKI~TORSI 
18. METEORCLGGY SUMMARY 5ytJn1FS 

331. AUTHORS: sAUNDER5.P. M. 
RGNrgE rF. C. 

q COf’PARIS0N BETWEEN THE HEIGHT 06 CUWLus ;LoIuDS AND THE HEIGHT 
OAF hADAR ECHOES PFCEIVED Fpoh’ THFK 

WOODS HOLF OCEANOGKpPHIr TRSTTTIJTITIS 
. “P 29h-3LJ2 

ChTE: SEPTEMBER 1962 
CCC CR NASA NO. 

7 P F 

CFs$IpTORS: 
. METEORCLOGY - sYNOFTI~ <~trC~ty 

478. AUTHCRS: 
D Dyi<AMICAL ASPECTS CF THE 

SAWY@*J. 5. 
•I-p~LnK STRATOSPHERIC CIFCIJLATIOE~ 

cc\,RCE: OUARTERLY JOLRNAL OF TH r pCVAL MLTFCRCLOGICAL SOCIETY 
PFHOKT ~JUMBEK/DES(KIPTION: VOt. 5nr N”, 386, PP 395-404 
DATE: OCTOBER 1964 1opp 
CCC CK NASA NC. 

DFSCKIT’TORS: 
18. ~~ETEGCCLCG~ Su’.jMARy 5ruC1F5 

149. AL:THCpS: 
FAU5T tH. 

SCHMICT-HF”DFR.1 . 

R CELL STROCTURE PF THE ATE~SQI~~KF- 
q VFRIICAL cENSITY PKCFILE 

A STuDy’CF THE STpuCTuRF OF 

SOURCE: u. 5. AC’~‘y- FuRoPFAr’ pFct”K’-Ii OFF ICk 
RFHcKT NUMBER/CESCKIPTION: F’0.3-hih YFAR 

DATE : MARCh 1965 
tot OR NASA NO* 

24PP 

CONTRACT N,,MBER DA-91-591-EIIC-378” 
DFsCKIPTO~?~: 

14m MET EORCLCGy - SYNOPTI’ ~Il~DIE5 
18. METEoRCLCGY SUW~ARY $Tu~IFS 
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345. AuTHGRS: SCHNApFvA. 
q TIROS, 1. 11 AND 111, DESTG” Lean P~RFDRMANcE 
SOURCE: IAS 
PFpoRT NLJMBER/CESCRIPTION: Nu. 42-79 
GATE: 22 JANUARY-24 JANUARY 1Q67 38PP 
cDC CR NASA NO. 
C,JrJTRACT NUMBER DA-36-039-Sf-789GY 
cFsCRIPTORS: 

5* RADIANCE (FXPERIMENTAI mTHLR1 
b. RADIOMtTERs 
7. WOR~ZCK SENSCRS 

::: 
TRACKING AND DATA A%IIISITI”N 
SPACECRAFT PCWER SYSTFMC 

98. AUTHOR5:. SCHWARZ ,F. 
WARDIK. A. w FALKIT. 

n HIGH-ACCURACY CONICAL ScAr’ uOP[ZO L’ SENSOR DPFRATING IV THE 
pl5-MICRON cot21 RANC 
SOURCE: pRoC, FIKST SYY.- INFRfiWD SFrq’OpS FOR SPACECRAFT GUID. l CO~ITROL 
REPORT NUMBER/CESCRIPTION: Pp 7q-p~ . 
PATE: 1965 
CDC OR NASA NO. 

14FP 

CFSCRIPTORS: 
7. HORIZCh sE”SCRs 

298. AUTHORS: SCHWARZVF. 
WARD,K. A. e FALK,T. 

SFCRFT p HIGH-ACCURACY COMICAL SCA’l UOP17G”’ !GElugOK OPFRATIYG IN THE 
pl5-MICRON cOt21 BAND 
SQJRCE: PROCLECINGS OF THE TNFR~~RF(; I”‘FOPMAT~O~~ sYMPOs11jM 
REPCRT NUMBER/CESCRlPTION: PP 1-7 
FATE: JIJNE 1965 7PP 
rDC CR NASA NO. NAvSC P-2315 

CFSCCIPTORS: 
7. HOHILO~ SE~ISCRS 

318. AUTHCRS: SELLIN~I. 
p AUROHAL RADIATIONS IN THE IMFPA~E” 
SCURCE: UNIVERSITY OF CHICAGO 
RF~ORT NUMBER~CFSCRIPTION: (A+-TN-199-20 - PART 1 
DATE: OCTOBEH 1961 27PP 
cnc CR NASA NO* 26P684 
CONTRACT NUMBER SD-71 
DFSCRIPTORS: 

1. ATMOSPHEFTC PHYSICS 
4. RADIANCE tEXPERIMENTAI 15 U I 
5* RADIANCE tFXPER1MENTAl PTuSpl 

214. Al,THCRS: sENN$H. v. 
GERHISHIH. p. 

cl THREk DIMENSIC~LL ANALysI F mF A PDECIPITA;IDN-FREE, SFA-BREF~E 
q FRCtiT RY RADAR. TIRCS, VISI~AI 9 P”lc MFsCsY’~!CPTIC DATA 
SOURCE: MIAMI, UF JvLPSITY OF 
RF%HT NUMBER/CFSCfiIPT ION: 
DATE: 1965 06PP 
rnC CR NASA NC. 619202 

CFS$IPTORS: 
. METEoRCLGGY SIJMMARY SVJ~IFS 

150. AuTHCRs: sEYRAFI ,Y. 
CAVISONIG. A. 

P SPATIAL FILTER SYNTHESIS 
sCLRCE: PROCEDLRES IRIS 
REPORT NUMBER/CESCRIPlION: v61 . 9, “‘0. 1. pp 137-95 
CATE: JANUARY 1964 9Pr3 
CCC CR NASA NG. 

rFSC;!PTORS: 
RADIot’ETtr:S 

?- HORIZCN SEYSCRS 
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155. JIIJTHCRSI 
SCGGEsS,R. L. 

SpENCER,N. W. 
* TAELJSCHIO. 

a PRESSURE* TEMPFRATLRE AND UFN+~TY Tp 90 KM OVER FT. CHURCHILL 
SCIIRCE: 
RFPCRT NlJMbER/DESCRIFTIoN: “p 3?6-342 
CATE: 
Ccc CR NASA NC. 

17PP 

CES:;IPTOR~: 
. METEORCLDGY SUMMARY STU~IFS 

97. AuTt’CRS: Sp1FLRERGFR,S. C. 
D cCNICAL SCAN HDI?I2ON SENSW 
SWRCE: PRCC, FIF‘ST SyU,- lNFprnFD SFNSOCS FOR SPACECGAFT GUTD. + CONTROL 
GFpCkT NuMEER/CE SC R IPT ION: PC: 5=-71 
DATE: 1965 17PP 
CDC CR NASA NO. 

rFSCRIPTORs: 
7. tloRIzor: SFrvSCRS 

476. AIITHCRS: STAFF ME”‘f!FRS @F THE WEAThFR FnRFCPSTING 
~1 INVESTIGATION CF Tl-E STRUCTIIR~ DF Cl 01~D AND HEATWEb SYSTLM~ 
PASSCCIATED k1Tt.1 CyCLONFS Ip’ VHF I!liTTFD STATFS 
SIYIIRCE: uNIVERSITy OF CHICAGO 
pF”ORT NUMBER/CFSCRIFTION: 5R NV. 8641 
DATE: 1963 
c:gC CR NASA NC* 
cCNTHACT NUMbER Ar 19(6041-72-D 
DFsCfiIPTORS: 

18. METEORCLC.f,y SU’IMAPY 5TUPIF5 

3Cl. AUThCR5: STANFILL,@. F. 

FIX VENUS AvD MART, WC .$oEL 13-17~ - FINAL 

SDLPCE: ~AHNEs WGINFFRING ro. 
~FHORT NlJMBER/DFSCRIPTION: “Et- 4253 

: MARCH 1964 
:;zECR NASA NO. 1..64-27910 

55PP 

CONTRACT NUMbbH E.A57-100 
CFSCHIPTORS: 

‘I . HOi? IZON SFNSCRS 

156. AuTHCRS: STEIN-J. A. 
I*ALKFRIJ. C. G. 

n MODELS OF THE IJPPtG ATMCSPHFRF FGP A CIDE’RANGF DF RCIIfdl?ARY 
q cr?NDITICNS 
SCLPCE: ATMOSPbERIC SCIENCE5 .IOI~R~A~ 
PFPORT NUM~ER/CFSCPIPTION: Wit. 27. PF 11-17 

t?ATF: JANUARY IQ65 7PP 
C~JC CR NASA NO. 

CFSCH IPTORS: 
1. ATMOSP~EFIC PHYSICS 

270. Pt:TH(CRS: 
DUChONeC. E. 

R WIND AND TEMPEFATuPE IN T~tt nTr:nSPt 
t,wfiRTtQL~ TEChNItPL REPORT Nn. 2” 
Sr uRCE : UNIVtRsTTy OF TEXAS 
PFPCRT NIJMSER/C~SCPIPT~ON: 
CATF: 1 APl?IL 1965-3C JUNr. 1965 
EOC CR NASA NC, 479096 ’ 

./. r 

CI;tJTfUXT N~QER DA,z3,072,oD~-l+,4 
CFSCHIPTOR5: 

STEPHEN 
JEHN,K. 

wEFN 30 

J. 

-18. - METEoRcLCGY SUYMARY STIJ- 1 F s 
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157. AUTHCRS: STR0UO.w. f,. 
EIANDEENqW. R. . N0RDBFRG.U. 
SARTNANqF. L. . OTTERMA~,J. 
TITUS P. 

•I TEMPERATURES ANT, WINDS IN THE APCTIC As OBTAINED By THE ROCKET 
q IGPENADE EXPERIMENT 
S~IURCE: 
REPORT NIJMBER/CESCPIPTION: PIJ 3~8-4”7 
GATE : ZOPP 
cnc OR NASA NON 

CFSCRIPTORS: 
149 METEoRCLOGY - SYNOPTIC <TlrDlES 
18. METEORCLCGY SUMMARY STUrIFS 

1~8. AUTHORS: STROUDIW. G. 
NDRDBtRGtk* * BANDEEN~w. H. 
BAHTMAN~F. L. , TITUS*Pm 

II ROcKtT-GRENADF MFAsuRFMENT5 OF 1E”PFRATuREs AND WINDS IN THE 
q MESGSPHLRE OVER CHURCHILL* CINfiDA 
SOUPCE: GECPHYSICAL RFSEARCH .~OI~RL’AI 
REPORT NUME!ER/CESCRIPTION: ml. 659 Nm. 89 PP 2307-2323 

CATE: AUGUST 1960 
I?DC OR NASA NO. 

&$PTORS: 

1.3: 
METEORCLCGY - SYNOPTIC EII’~IE~ 
METEORCLOGY SUMMARY STU~I FS 

2nfl- AuTHCRS I STR0uD.h. G. 
NCRDsERG,h. BANDEEN*w. R. 

p ROCKET-GRENACE ORSERVATIObl t+ ATMD5PHFRIC’HEPTING IN Tag ARCTIC 
SOURCE: GEOPHYSICAL RESEARCH ,101Rb’A( 
RFPOHT NuMBER/DFSCRIPTION: \/Ol . 64, NO. 9,PP 1342-1343 
DATE : SEPTEMBER 1959 OZPP 
cnc OR NASA NO. 

CFS:F$PToRS: 

1*: 
METEORCLOGY - SYNOPTlf ETIIDIE~ 
METEORCLOGY SUMMARY 5TUrIE.s 

159. AUTHORS: SZIRMAY~S. 
p SCIENCE INSTRUMENT SUPPORT CCONNI% PLATFORM 
SOURCE: JPL SPACE PHCGRAMS <ufi*MFRv 
RFHOHT NUMBER/CEScaIPTION: ~‘CI. 27-33, VCL. IV, Pp 54-53 
CATE: JUNE 1965 3PP 
rnc OR NASA NO. 

CFSCRIPTORS: 
7. HOR IZCN SENSCRS 

4363. AUTHCRS: TANG,W. 
RROOK5rE. M. . WATsON*B. F. 

R THLORE~ICAL AND ODSERVATI~N~~L STU~IFS OF VORTEX CLOUD PATTERNS 
SOURCE: GCA CORP. 
PFPORT NUMBER/CESCRIPTION: FINAl REPOPT 
FATE’: 1964 ‘-. 
fi?C CR NASA NO* 
CONTRACT NUMBER CWR-10626 
cFsCRIPTORS: 

18. METEDRCLCGv SUMMARY STU~IFS 

160. AUTHORb: TFWELESvS. 
R TIFlE StCTION AN;p HCDOGRAPH rNrLvsl5 CF CHURCHILL ROCKFT AND 
q RADIOSONDE WIkDS ANC TEMPEPATUPL~ 
SOURCE: MONTHLY ~:EATI-ER REVltw 
RFHORT NUM~ER/CF~CDIPTION: pp 175-116 
CATE: APRIL 1961 17PP 
pnC CR NASA NO. 

DFSCPIPTDRS: 
14. METEDRCLDGY - SYNOPTIC ~TIIDTEs 
16. METEORCLCGY - STRATn I~~ApblTN~-S 
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161. EUTHCRS:’ THOMA5.J. R. 
q PCSO FINE SUN SENSCR 
SOL’PCE: PROCEDwbS IGIS 
RFPORT NUMBER/CFsCRIpTION: \Q. 3. “0. 1, PP 141-154 
CATE: JANUARY 1964 14PP 
rnc CR NASA NC. 

CFsC;;PTORs,: 
HOH IZCN SENSCRS 

8r ATT HEASCT (EXCL tiOcI701’ s~-P~SDSI 

52. AuTHCRS: THOMPSCN,J. R. 
ChONINrJ. C. 

D SILENT AREA ANPLySIs [ISINC- SICOS DATA 
. KERR, JF..P. E. 

511 ,RCE: AEROMETRIC RESEARCH, rrdc. 
RF cf?T NUMdEk/CESCRIPTIoN: FIL’Al PkP@?l b 

CITE: 1964 
CCC CR NASA No. 
CcNTRACT fdUK:gEk I\ 1 R957542A 
CFS;$PTCRS: 

. METEORCLCCY SUMMARY ST~~IF!, 

RO. AUTHGkS: 
o cOP:MENTS ON THE - 

TkOCEY -5. 
INVERSION cy ~L”Bc OF- VARYING THIcv~~ESS 

T;CliRCE: ATMOSPhEF IC SCIENCE’; .IOl’hL’A’ 
~Ft’okT b~uMBER/CESCKIPTION: !&II. 27, P 95 
CATE: JANUARY 1965 OlPP 
r$ OR NASA ho. 

CESC~~PTCW 
ATMCSpt-t~Ic PtiYSICS 

lb* PET~GRCLCGY SVMMARY Ssun I Fs 

340. PI,THCKS: TWoMEyqS. 
D INCIKECT M~ASUFE~‘E~TS OF fil~‘bct+~k~Ic T~PP~RATURE PPOFlLFs FROM 
OSATCLLITES: II, 
SOURCE : 

vAlt-EtdA~ICflL AcpFcrs OF Tt’t INvERsION PROBLtM 
MONThLy bt.PThER REvltb 

FFt’oKT NuM~E~/cESCVIPTI~N: \‘O(. 94. Nf’. 6, PP 363-366 
CATE: JUNE I966 4PP 
CCC CR NASA NC, 

rE$;;YTORS: 
ATMCSPhEF IC PHYSICS 

250. U, 5, D~PAPTMENT OF CCMMFRCE 
R INfRAKtD SPELTFA OF ASTCCVWI~~l. PC-IFS 
SCARCE: “. 5. CFFAKT~JFNT Cf CW:~LPCF 
pFpCKT WWE~/CESC~IPTIDN: fiFrK~-64-3~7 
CATE: 24-25-26 Jbfi!E I963 53hPF 
Cd CR NASA No. 602936 
rnh11RAcT NUMBEW CF 61(052)-F8r - .a.. 
CFSCRIPTCkS:-- 

1. ATMOSPkEFIC PHYSICS 
2. RAfiIANCE ITtiEORETICFL 1’ 11 1 
3. RADIAbCL (ThFCRETIC~L OrHF(;) 
4. RAcIA(\ICE IEXPERIMENTAI 15 u t 
50 KACIANCF (EXPERIM~NTAI Clc’EP) 
6. HAOIOKLTFRS 
7. HCRILC~ SEbSCRS 

lb* F!ETEoRC L CGy SuwAFy s11.1’. I Fs 

162. PLITHCRS: U. 5. NEATHER PUQEAU 
p rATALOGUk OF ~~TEGRCLOGICAL SfilFLI 11~ DATA- TIROS ~17 
q TFLkVISIDN CLCbG PHCTOGRAPVy PfPT 1 
SOURCE: U. 5. kEPThIll; RCIREAI’ 
FFQKT NUMBEK/CFSCPIPTION: ~29.1313~ 1135.6 PT 1 
CITE: 1965 
cnC CP NASA NO. 

191PP 

CFs;;Il’TCRS: 

15: 
METL0RCLof.y - SYNCPTIr C’il’tilES 
METEcRCLCGY - RAW DATA 

lb. ME~EcRCLCGY SuMMARy STU~IFS 
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163. AUTHCRS: U. S. WEATHER BUREAU 
tl CATALOGUE OF ~.~ETEO~OLOGIC~~L SfiTFLLITE DATA- 71~0s VII 
asFLEVIsION CLCIIO PHCTOGRAPUY PnRT 2 
SC$,RCE:-U. s. kEATHER.RUREAIt 
RF~ORT NUMBER/CESCPIPTION: 
CATE: 1965 199PP 
cnC OR NASA NC* 

CEsCKIPTORS: 
14. METEoROLCGY - SYNOPTIr <TIIDrES 
15* METEORCLCGY - RAW DATs 
18. METEORCLCGy SUMMARY 5~U~lF.s 

164. AUTHORS: u. S. WEATHER BUREAU 
•I cATALOGUE OF PETEOROLOGICfiL S~TFLLITE DATA- TIROS VII 
q rFLEVISION CLCIID PHCTOGRAPHY PA&T 3 
S&IRCE:-~~. 5. ~;ATHEP’BUREAI~ .-. 
REPORT M~Ml3ER/CESCI?IPTION: b20.1393- 1135.6 PT III 
CATE: 1965 179PP 
COC CR NASA NC. 

CES;F$PTORS: 

15: 
METEOROLOGY - SYNopTIr =TllDIES 
METEORCLOGY - RAW DATA 

18. METEORcLOGy SUMMARY STU~IFS 

3~2. AUTHORS: URANOVAeL. A. 
D POSITION OF THE ISCPAuSE IN STR~~T~SPHERIC CyCLONFs AND 
q ANTICYCLONES AND THE CONNECTrO*t nF ITS HElGuT WITH THF: VERTICAL 
q DISTRIBUTION 
SOCRCE: TRANSLATIONS FROM MFTEODGIOGIVA I GIDRoLoGIYA 
RFPORT NUMBEK/CESCaIPTICN: .lPpS! 79*4n1, P? 13-19 
CATE : 7 APRIL 1965 7PC 
CDC CR NASA NC. NbS-23441 

CFSCHIPTORS: 
l* PTMDsPhEFIC PHYSICS 

376. AUTHCRS: VALLEY~S. I . (EDITED BY) 
q HANDbOoK OF GEOPHYSICS APIn ZPSCF FN!!IRON”:E”‘TS 
sot;~CE: MCGRAh-HILL BOOK c0h’PA.y~ INC. 
REPORT NuMBER/CESCPIPTION: 
CATE: APRIL 1965 
OI?c CR NASA NC* 

CFSC;!PTORS: 
ATMO~P~EFIC PHYSICS 

2. RADIANCF ~THFORFTICPL 1% 11 I 
3. RAEIANCE ITtiEORETICnL OThF;) 

4. RADIANCE ~FXPERIME~TA! 15 U ) 

1:: 
RADIANCE (ExPERIM~~TAI “T”tYl 
METEDRCLCr.Y -5TbTI5~IrfiI <~IID~ES 

111. METEORCLCGY SUYMAKY SSum I FS 

2i;l. AUTHCRb: VANDENKtQCKH0VE.J. 
RbNAKCeM. 

II ATI IILIDE RLCCNSTITLTION TL’Knuw CPNICAL L~RIZOPI scAr!“lNG 

SOIJRCE: EUHOPEAN SPACt TEChb’oI O~Y CFNTHF 
,QFpOKJ N~MBER/CESCKIPTI@~!: 
CATE: OCTOBER 1964 47FP 
C(JC (;R NASA NO. NA5’25365 

CFsCRIl’TDRs: 
7. ~0RIZcti SFYSCRS 
99 ATT I TUCc, CCNTROI. 

165. &!THCWS: WAGNERlN. K. 
e TtjECJKET ICAL PCCUKACY OF A MFTr@POL Or-ICAL KOC~ETSCN~E THFRI’I STOP 
SCURCE: APPLIED ~ETECKOLOGY Jm~m.fi~ 
RFI’ORT NUMdEa/CLSCcIPTION: “Lil. 3rPD 461-469 
FATE.: AUGUST 1964 .- G9PP 
Cd CR NASA NC. 

I‘F5CKII’TORS: 
18. METEORCLOGY SUMMARY STu” 1 FS 
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2~4. AuTHCRS: wAGNER,h. K. 
HPRAGANID. R. * JEHNvK. H. 
G~RKARDTIJ. I-‘. 

a ,!ND AND TMPEPAT~RF IN TM Aw?,w,F~F BF;WEEN 30 AM 80 KM - 
~cuARTLRLY TtChNlC6L REPORT N”. 4 
S(IL.RCE: UNIVERSITY OF TEXAS 
REPOKT NUMBER/DESCRIPTION: 
CATE: 1 APRIL I961 - 30 JUNF 1941 62@P 
cDc CR NA~A NO- 479080 
CONTRACT NUMBER GA-23-D72-0PD-l5b4 
CFSCRIPTORS: 

18’ METkOHCLGGy SuMb’ARy Stu”IFs 

295. AuTHCRS: 
HARACANrD. R. 
GERHARDT*J. R. 

R WIND AND TEMPFkATURE IN THE AT~~S’+;FRE 
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